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SPIRAL STRUCTURE OF CHROMOSOMES 
Frontispiece 


Chromosomes of Vicia faba from a metaphase plate in a somatic cell (8,500), showing 
the helical chromonemata which they contain. The M chromosome is included in the 
photograph and shows the spindle fiber attachment region in the upper right hand corner and 
the secondary constriction in the left arm. In the distal portion of the right arm four helically 
coiled chromonemata (H:) may be observed. Beginning at the right one may see the coils of one 
chromonema in optical section, as a series of almost equally spaced dots (4). The next chromo- 
nema to the left is seen in focus, the left edge of a portion of this helix being outlined with a 
white line (B). The two other chromonemata on the left are somewhat out of focus. Compare 
this figure with Figure 1B, which is the same chromosome at a slightly different focus. There 
the first helix on the right is in focus. In examining 18, the reader may find it advantageous 
to use a hand lens. 
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THE STRUCTURE OF SOMATIC 
CHROMOSOMES 


A. MARSHAK 


Laboratory of Pathology, New England Deaconess Hospital, 
Boston, Massachusetts 


HERE are at present two appar- 
| ently conflicting theories concern- 
ing the structure of somatic chro- 
mosomes. One supported by Kuwada 
and Darlington maintains that each ana- 
phase chromosome contains a_ single 
helically coiled chromatic thread, the 
chromonema. The other, based on de- 
scriptions given by Kaufmann, Sharp, 
Koshy and others requires the presence 
of two interlacing chromatic threads in 
each anaphase chromosome. Darlington 
has pointed out that in the latter case 
the plane separating the two chromo- 
nemata would cut across the coils of the 
helix. It would seem, therefore, that 
the two theories were mutually exclu- 
sive. However, the findings of this in- 
vestigation make it possible to reconcile 
the differences between these two con- 
cepts of chromosome structure and indi- 
cate that each of them is true only in 
part. 

Chromosomes of the following species 
have been examined :—Allium cepa, Al- 
lium porrum, Lactuca sativa, Papaver 
orientale, Pisum sativum, and Vicia faba. 
They all show essentially the same struc- 
ture. A smear technique was used for 
all preparations, which will be described 
in a subsequent more detailed report of 
these experiments. 

At metaphase each chromosome con- 
tains four chromonemata, each of which 
pursues a remarkably regular helical 
path. This type of fixed chromosome 
will be designated as fixation image a. 
The smallest visible helix will be re- 
ferred to as H;, the dimensions of which 
are given in the following table: 


The length of the chromonema may be 
calculated from the equation: 
= b? - 2xn 
the length of the helix 
the radius of the helix 


the pitch of the helix 
n = the number of revolutions 


The value n is obtained by dividing b 
into the sum of the lengths of all the 
chromosomes L, L being measured from 
photographs or camera lucida drawings 
of suitably oriented metaphase plates. 

The direction of coiling of H; was de- 
termined in 26 anaphase chromosomes 
of Vicia. Of these, 8 were clockwise 
and 18 counterclockwise. In every case 
the members of the pair of H; in each 
anaphase chromosome were coiled in the 
same direction. 

The cylinders about which the H; sys- 
tems are wound also pursue a more or 
less helical path, H», of larger diameter 
than H;. In Vicia the He helix may 
show but one or two revolutions. It 
was possible to determine the direction 
of coiling of both H, and Hg in 8 chro- 
mosomes and in all cases the direction of 
coiling of Hz was opposite to that of H. 

At telophase the pairs of H, remain 
distinct and apparently entirely separate 
from one another except at the spindle 
fiber attachment region. In x-rayed ma- 
terial where both members of the dis- 
joining pairs have become terminally at- 
tached, there is no evidence of the pairs 
of H, becoming fitted into each other to 
form a single helix with a longitudinal 
split or fissure. This behavior of the 
Hi, helices is also evident in chromosome 


where 


OF Hi 


Species Stage 2a X 10-* cm. b X 107* em. L X em. cm. 
Pisum sativum metaphase 0.48 0.72 1.295-1.35 0.0995-0.104 
Vicia faba metaphase 1.03 0.70 2.50-2.52 0.195-0.196 
Allium cepa metaphase 0.70 0.63 3.86 (approx.) 0.277 (approx.) 
Vicia faba resting 0.74 0.70 
Vicia faba mid-prophase 0.74 0.41 lls 
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HELICAL CHROMONEMATA 
Figure 1 
See legend at bottom of opposite page. 
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MODELS OF CHROMOSOME STRUCTURE 
Figure 2 
Model illustrating the structure of a portion of a chromosome in somatic anaphase. The 
glass helices represent the H; systems and the electric cords wound in helical form about the 
glass helices represent the systems designated as H:. The glass helices were made by winding 
glass rod about heated iron pipe. On a smaller scale, very satisfactory models may be made 
with pipe cleaners which can be wound about a pencil. They may be stained with alcoholic 


solutions of analine dyes like gentian violet or eosin to distinguish the different systems. The 
reader is advised to use such models as aids to the visualization of the theories of chromo- 


some structure. 


fragments produced by x-rays. Such 
fragments may occur singly, or in pairs, 
in the latter case representing homolo- 
gous portions of the disjoining chromo- 
somes, as may be determined from their 
similarity in size and morphology. In 
the telophase, single fragments become 
more or less spherical and contain a non- 
staining hyaline material. The H; helices 
are found at the periphery, usually at 
opposite poles of the sphere. Pairs of 
fragments, show four independent helices 
at telophase. 

During the interphase (resting stage), 
the Hy, helices remain independent. 
There are no anastomoses or lateral 
branches. The helices are regularly 
coiled with no evidence of straightening 


Hi, helix of Vicia faba is 7 XK 10 cm. at 
metaphase and in the resting stage. The 
helices are radially arranged about a re- 
gion presumably representing the pole of 
the spindle of the previous anaphase. 
Additional coiling of the H2 systems 
(“supercoils”) does not appear until 
prophase. This may be readily deter- 
mined by examining cells which will no 
longer divide, such as epidermal cells 
and the elongated cells of the vascular 
system. 

At the onset of prophase, there are 
pairs of laterally associated H, helices 
instead of the single helices of the inter- 
phase. These are coiled about one an- 
other to form the Hz helices and the lat- 
ter are thrown into additional bends or 


loops (“supercoils”). As the prophase 
proceeds the H, coils appear to increase 


out or uncoiling during the telophase- 
interphase interval. The pitch of the 


HELICAL CHROMONEMATA 
Figure 1 


Somatic chromosomes of broad-bean, onion and pea (all magnified 3,200x) showing 
the helical structure of the chromonemata which they contain. A—Vicia faba anaphase. 
Two helical chromonemata may be seen in each anaphase chromosome. These pairs of 
H, helices wind about each other along helical paths of larger diameter, the H, helices. 
B—Vicia faba metaphase. Slightly different focus of the same chromosome as in Frontispiece. 
In the lower right arm the first chromonema to the right is now in focus. C—Vicia faba rest- 
ing stage. A helical chromonema is in focus at about the center of the nucleus. Most of the 
others are fore-shortened by perspective so that turns of the helix may be mistaken for chromo- 
meres. D—Vicia faba mid-prophase. The arrow indicates the end of a chromosome which is in 
focus and shows only two helical chromonemata. E—Allium cepa metaphase. The end of a 


chromosome showing the four chromonemata. F—Vicia faba metaphase. The end of a chromo- 
some showing four chromonemata. G—Pisum sativum metaphase. Three helical chromonemata 
may be seen. The fourth is out of focus. 
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in diameter. The H,; diameter of Vicia 
faba at mid prophase is 7.4 K 10~ cm. 
as compared with a similar metaphase 
diameter of 11 & 10-° cm. However, 
the pitch of the H; helices is 4 X 10° 
cm. at mid-prophase. This can only be 
explained as an increase in the intensity 
of coiling of the original pair of Hi 
which were discernible at the previous 
metaphase, since the new chromonemata 
are not yet visible. Kuwada® has as- 
cribed the greater intensity of coiling to 
the new H, helices that he believes are 
formed at this time. The significance of 
the present finding will be discussed else- 
where. 

Slight modification of the fixation 
technique results in collapse of the cyl- 
inders about which the Ay helix is 
wound. The latter then appears as a 
zigzag thread (fixation image b). Car- 
ried to an extreme, all evidence of Hy 
may be lost, with only the Hz systems 
remaining as flat ribbons or threads (fix- 
ation image c). Modification in another 
direction produces chromosomes as solid 
cylinders with no evidence of either H; 
or H» except occasionally at the distal 
ends where an apparent split may be 
seen, representing the space or material 
between the H2 systems. 

Fixation image c where each anaphase 
chromosome contains a pair of interlac- 
ing threads or ribbons is the condition 
described by De Horne?, Kaufmann’, 
Sharp®, Koshy,* and others. Kuwada*® 
considers that each telophase chromo- 
some contains a helical chromonema 
which is longitudinally split, not two in- 
dependently coiled chromonemata as are 
described here. Upcott’ has described 
and photographed fixation image a in 
pollen-tube divisions of Tulipa Greigi. 
However, she and Darlington’ have ob- 
served only one helix in each anaphase 
chromosome and have pointed out that 
the plane of separation as described in 
the “interlacing” type of chromonemata 
would cut across the turns of the helix. 
But there are two such helices in the 
anaphase chromosome and these coil 
about each other in such a manner that 
when upon alteration of the fixation pro- 
cedure the H, helices are obliterated, the 
result is the apparent interlacing of the 


H: HELICES AND H. HELICES 
DIAGRAMMED 
Figure 3 

A—Fixation image a. The helical form of 
the pair of chromonemata in each chromosome 
is preserved. H, and H:2 are both discernible. 
B—Fixation image b. The H; helices are col- 
lapsed but are still differentiated. C—Fixation 
image c. The H; helices are obliterated. Only 
the H: helices can be seen. D—A single chro- 
mosome fragment in anaphase produced by 
irradiation of the preceding resting stage. Both 
Hi, helices are clearly defined. E—A similar 
fragment in telophase. The helices are at the 
periphery of a spherule that resembles a min- 
ute nucleus. Note that the H: helices are now 
widely separated from one another. F—An at- 
tachment between a pair of anaphase chromo- 
somes (irradiated with X-rays in the preced- 
ing prophase) breaking to leave a pair of 
fragments. 
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Hz helices. Thus the two contending 
hypotheses concerning chromosome 
structure may be attributed to the use 
of only one type of fixation on the one 
hand, and inadequate observation on the 
other. 

In accordance with an earlier sugges- 
tion by Nebel, Darlington and Upcott 
consider that there is no matrix material 
in the chromosome other than that which 
may be imagined as a coating about the 
chromonema. The rubber insulation 
about the copper wire of an electrical 
cord will serve as an illustration. How- 
ever, it seems evident from the helical 
nature of the chromonema that there 
must be some internal substance. One 
cannot coil a thread about a vacuum. 
The marked expansion of this substance 
in acids or alkalies, and the collapse of 


the chromonema after certain fixation 
techniques suggesting solution of this 
material may be a clue to its chemical 
structure. Since existing evidence con- 
cerning the nature of the matrix is 
scanty to say the least, lengthy discus- 
sions about it may profitably be avoided. 
However, the problem itself cannot be 
brushed aside simply by being ignored, 
for it seems very likely that the struc- 
ture of the chromonema itself will not 
be fully understood until its relations to 
the materials immediately surrounding 
it are determined. And such knowledge 
would seem to be essential to the com- 
plete understanding of genic determina- 
tion of development, for the chromonema 
and matrix represent the milieu in which 
the genes and their immediate products 
function. 
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FACTS AND FEELINGS IN SCIENTIFIC WRITING 


To THE Epitor: 

Out of the twelve columns of Mr. Cook’s 
review of the cancer chapter of Outposts of 
Science which appeared in the September, 
1936, issue of this JouRNAL the following three 
charges can be distilled: 

(1) Too much sugar-coating, the “circus 
barker’s appeal to hooey and magic and the 
gibberish of a babe in the woods.” 

(2) A biased account because of the setting 
up of Maud Slye on a pedestal and ignoring 
the work of others in the field. 

(3) Some conclusions unwarranted or alto- 
gether inaccurate. 

All of these criticisms are unjust because: 

(1) The verdict of the press, both scientific 
and lay, refutes the first charge. Note: Edwin 
G. Conklin, “I have learned a good many 
things that are of interest in fields with which 
I am especially acquainted, and I congratulate 
the author on having made so thorough a 
study.” Quarterly Review of Biology, “Au- 


thoritative. Should be read by professional 

and lay persons alike. ” Industrial and Engi- 
pret Chemistry, “Maintains the high level 
of humanizing science which won him the 
Francis Bacon Award.” Waldemar Kaempf- 
fert in New York Times, “Solid information. 
It stands as the most admirable presentation 
of latter-day science which ought to be re- 
quired reading in every college.” Harry 
Hansen, literary editor of Harpers, “A clear 
narrative that never comes down to an inferior 
level. It is the best kind of popular writing.” 

(2) The subtitle of my cancer chapter ad- 
mits that I have told my story chiefly around 
the work of one personality. This is also true 
in some measure of all the other chapters. The 
scope of the undertaking compelled such a 
method of treatment. “This will arouse,” 
writes Mr. Cook, “feeling of irritation and re- 
sentment in the breasts of many other work- 
ers.” I doubt it: no other reviewer or re- 
searcher complained. And even though the 
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reviewer admits that he “is not in touch with 
the situation on much of the cancer front,” I 
shall be glad to consider the work of any of 
his outstanding workers in the cancer field 
whom I have neglected and mention their con- 
tributions in a future revision of Outposts. 
(3) The inheritance of cancer in all its 
manifold details is still not settled. “There 
is but one right,” said Huxley, “and the pos- 
sibilities of wrong are infinite.” Still I ac- 
cepted the conclusions of the courageous Maud 
Slye because they were bolstered up by Felix 
Bernstein, one of the world’s most eminent 
mathematical statisticians as well as by the 
judgements of others. Dr. C. C. Little, the 
stormy petrol in the controversy over the in- 
heritability of cancer, has been the outspoken 
opponent of Maud Slye for a generation. His 
most recent flareup was a challenge to Dr. 
Slye to loan some neutral institution for breed- 
ing purposes one thousand of her male mice 
which, she would certify, as having no ten- 
dency to cancer. He would give one thousand 
of his cancer-susceptible female mice for breed- 
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ing brother to sister. Time (Nov. 16, 1936) 
quotes Maude Slye’s answer as follows: “The 
non-tumor strains with which this preliminary 
work was done are now no longer in existence. 
Some five years ago I offered to make this 
test. I drew up a contract for this experiment 
and submitted it to Dr. Little. To this offer 
I received no reply and the matter was 
dropped.” 

Since Mr. Cook’s review was written in 
very bad taste, I cannot feel offended. But 
it is a pity that the editor of a respected sci- 
entific publication had to sink to the low level 
of unkindness in attacking not only Maud 
Slye’s knowledge of the laws of genetics but 
even of her poetic expressions. What chivalry 
towards a woman who is giving a life to sci- 
entific research. 

One almost loses faith in those scientific at- 
titudes which are said to identify the man of 
science. 

BERNARD JAFFE 


Nov. 24, 1936. 


F THE review which Mr. Jaffe com- 

plained of exceeds the bounds of good 
taste the reviewer naturally regrets that this 
should be so. He is not certain however 
that he is the first to sin in this respect. It 
should be clear that the review was written 
more because of the very favorable reception 
the book received than because of its inherent 
faults. Many books and articles are pub- 
lished which do violence to genetic and bio- 
logical concepts, and it would be impractical 
to give adequate attention to all of them. 
When serious errors of fact and interpreta- 
tion are given a rousing reception, the situa- 
tion is materially changed and it seems al- 
most a duty to “note an exception,” as the 
lawyers say. If the errors cited in the re- 
view are in fact errors (and Mr. Jaffe makes 
no defense of them) then the criticisms there 
made would seem to stand, and the question 
of scientific good taste would partly be shifted 
back to the author. Several errors of gene- 
tic fact and interpretation were intentionally 
given in the review in enough detail so that 
any intelligent person could check them. 

It is obvious that the errors discussed in 
the review are not merely of theoretical im- 
plication, but are of a nature to exert con- 
siderable influence on medical and lay atti- 
tudes with regard to the cause and control 
of cancer. To amplify one example: If, as 
Mr. Jaffe alleges, cancer is controlled by a 
single recessive gene, and if vital statistics 
are correct in attributing to this disease more 
deaths than to any other single cause, it fol- 
lows as a necessary corollary that the hy- 
pothetical “recessive cancer gene” must be 
almost universally disseminated in the popu- 
lation. If this were true, the picture would 


be dark indeed, and eugenic elimination of 
cancer would be hopeless, because it would 
be necessary to sterilize or otherwise with- 
hold from reproduction a very large part of 
the population, possibly as much as _ three- 
quarters. Were our “cancer gene” a domi- 
nant its elimination would be relatively very 
much simpler. Under any conditions the 
picture has a distinctly somber cast, and the 
absurdity of alleging that the most discourag- 
ing view is a cheerful picture is obvious. 
The facts being as they are, it would appear 
that a testimonial from Father Mendel him- 
self would hardly “whitewash” the author’s 
genetics. The fact that so eminent an au- 
thority as Dr. Conklin praised the book 
would merely imply that he had not read all 
of the book with a critical eye. 

The “Bernstein angle” and the recent very 
interesting note in Time may be disposed of 
together. The difficulty of applying statistics 
to Miss Syle’s material, or to that of the 
other cancer investigators whose material 
Bernstein used, is that pure-breeding strains 
of mice with respect to cancer incidence had 
not been established before the crosses were 
made. Thus Bernstein’s confirmation was 
necessarily very much of a “bolstering up.” 
Assuming that the “foundation animals” were 
of the postulated genetic constitution, a sin- 
gle gene explanation is possible. The diffi- 
culty is that the primary assumption regard- 
ing the genetic constitution of these dead ani- 
mals could never be verified, and other as- 
sumptions are equally possible. Somewhat 
similar considerations are involved in Miss 
Slye’s reply to Dr. Little as reported by 

(Continued on page 472) 
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THE DIAGNOSIS OF ZYGOSITY IN TWINS 


Three Instances of Differences in Taste Acuity in Identical Twins 


S. N. Arpasunikov, E. A. Licutenstern, R. P. Martynova, G. V. SospoLteva 
and E. N. PostN1Kova 


The Maxim Gorky Medico-Genetical Research Institute, Moscow 


IDENTICAL TWINS DIFFERING IN TASTE ACUITY 
Figure 4 
These twin girls on the basis of similarity in many characteristics would be classified as 
identical twins. Nevertheless they differ in taste reaction to phenyl-thion-carbamide (P.T.C.). 
In a series of 137 pairs of twins classified as identical three pairs differed in their reactions 
te P.T.C. The conclusion that would seem to be drawn from this is that the expression of 
the gene deternining taste acuity to this substance is somewhat variable. 


HE common method of diagnosis 

of twin zygosity depends on an- 

alysis of “external similarity” 
(Siemens, Verschuer ; also Bunak, Rife 
and others). The present investigation 
is an attempt to determine the accuracy 
and efficiency of this method. Seven- 
teen morphological traits were emploved 
in determining zygosity (see Table I). 
At the suggestion of Levit, the blood 
groups and the taste reaction for phenyl- 


thio-carbamide (designated RPTC) 


were also checked against the above 
scheme. 


Method and Material 


Of the 1,035 pairs of twins available 
at the Institute 441 pairs (292 of like 
and 149 of unlike sex) were examined 
by means of the above scheme. Only 
twins over six months of age were used, 
since the traits are not clearly mani- 
fested and cannot be accurately esti- 
mated at an earlier age. 
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TWO OTHER TWIN PAIRS DIFFERING IN TASTE ACUITY 
Figure 5 

Of the 137 pairs of identical twins examined, these two pairs of boys and the girls 
illustrated in Figure 4 were the only ones which differed in ability to taste phenyl-thio- 
carbamide (P.T.C.) In external appearance, as shown in the photographs, and in many 
measurements these twins were unequivocally classified as identical. It would seem 
therefore that these differences in taste acuity can hardly be explained as being due to the 
subjects being in fact fraternal twins, and not identical. 
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Classification 

Figure 6 gives the distribution of the 
twins according to the number of traits 
for which there were intrapair differ- 
ences (independent of the degree of 
these differences). This distribution of 
intrapair differences shows that, in the 
main, our material consisted of two dis- 
tinct groups. Pairs in which the mem- 
bers differed in no more than two traits 
and not in more than one graded in- 
terval into which each of the traits were 
subdivided, we considered to be mono- 
zygotic. Of the like-sexed twins 137 
(46.92%) were so classified on the 
basis of these two criteria. Of the 
remaining 155 pairs, 148 (50.68%) ful- 
filled neither of these two criteria and 
so were classified as fraternal. Seven 
pairs (2.4%) fulfilled one of the two 
criteria, usually the first, and were clas- 
sified as “doubtful.” These criteria for 
classification were based upon probabili- 
ties of complete similarity or difference 
in one, two, or more traits in a pair 
of identical twins. These estimates may 
be obtained from the data presented in 
Table IT. 

It is evident from the above table 
that intrapair similarity in the fraternals 
differs significantly from the intrapair 
similarity in the identicals, the doubtful 
twins occupying an intermediate posi- 
tion. This shows that these traits (see 
Table I) may be used in making diag- 
nosis of zygosity, the various traits hav- 
ing different significance in the general 
scheme (see Table IT). 

Errors in classifying twins may be 
of two kinds. They may arise either 
from an inaccurate inclusion of iden- 
tical twins in the group of fraternal, or 
vice versa. 


Erroneous Classification of Identical 
Twins as Fraternals 

If there are many such errors, the 
average intrapair similarity for heredi- 
tary traits among fraternal twins would 
be greater than the corresponding 
theoretical expectancy. The same would 
be true if cases of “one and one-half 
zygosity” (Dahlberg, Kurtius, Ver- 


schuer), if such exist, were included in 
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The Number of discordant characters 


CONCORDANCE AND DISCORDANCE 
IN TWIN RESEMBLANCES 
Figure 6 
The 441 pairs of twins utilized in this 
study fell into two clearly defined groups, 
with respect to intra-pair resemblances. 
Very few cases fall into the doubtful class 
in a system of diagnosis based on intra-pair 

resemblances in many characters. 


the group of fraternal twins. 

To determine whether such errors 
were present in our material the distri- 
bution of fraternal twins was compared 
with an equivalent sample from a theo- 
retical sib population. Sib association 
tables were calculated for blood groups, 
RPTC and for both together. Since 
complete information about the gene 
constitution of the parent population 
was lacking, we deduced it from the 
gene constitution of the twin population. 

It is evident from Table III that 
there is no significant deviation in the 
group of fraternal twins from a dis- 
tribution of sibling pairs. We can thus 
assume that if some identical twins are 
incorrectly classified as fraternal, the 
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error would be too small to affect the 
general character of the group. Simi- 
larly, errors arising from the inclusion 
of “one and one-half zygotic” twins are 
in reality too small to affect the general 
classification (Levit and Soboleva). 


Erroneous Inclusion of Fraternal 
Twins with Identical Twnis 


The erroneous inclusion of fraternal 
twins with identical apparently seldom 


Table I. Charecters Investigeted for Diagnosis 


Diagnostic characters Nuaber of distin- Variations 
guiebedle fores 


Schese of Bunak 
& Intermediate 
re 
A-Slight Intereediate 


Bye color 

Bye fore 

Size of eyebrow 
Fore of eyebrow 
Length of eyelesh 


Heavy 
1-Oblique &-streight 
s-curw 
l-ghort &-Intermediste 
1-Streight @-slightly 
curled 3-Very such curled 
Scale proposed by Fisher 
&-wavy 5-curled 
l-Low 2-Intermediate 3-High 
1-Concave &-8treight 3-Con- 

vex 

1-Releed &-Streight 


2. 

3. 

6. Form of eyelash 
7. Heir color 

6. Fore of Heir 
9. Bridge of nose 
10+ Mose profile 
Li. Bese of nose 
12. Tip of nose 
18. Width of lips 
14. Size of south 


Drooped 

1-Raieed &-Straight 

3-Drooped 
1-Very thin &-Thin 3-Inter- 
Mediate 4-Thick S-Very thick 
&-Intermediete 
15. Helix of eer 
16. anthelix 
17. Lobe of eer 


Large 
1-Few folds &- Intermediate 
folds 


Intermediate 
3-Pronounced 
1-Grown fest to cheek 2-Half 
free 3-Free 


Table II. Intrapeir Variability in Diagnostic Cherecters 


Difference 
Nuaber | « Muaber 
tye color az 4-6 19s 7706 
Bye fore 6 29 lor 51.9 40.8 
Size of eyebrow 2.5 ” Se.7 53.4 
fore of eyebrow e 6s 43.2 3s 
Length of eyelash) 49.3 40 45.5 
fore of eyelash 2 45 31.8 
Color of hair 20 6.9 62.9 7” 61.4 
Fore of beir i 0.5 36.8 26.3 
Bridge of nose 3 1 3 4-3) - 32.9 3 31.9 
Nose profile 8 3-2 a 66 2.3 
Base of nose 3-6 ° 90 36.4 38-6 
Tip of nose is 6.1 39.0 a 39.8 
Size of south 6 2.9 a 4.7 ae 
Width of lips 3-6 los “4.5 45.5 
Helix of ear 3 2.3 © “ 4.7 
anthelix s 2.3 o* | 18s 45.3 
Lobe of ear 5.6 jes us 48.3 45.7 


“This character was not investigated in one pair of twine. 


Table III. Probebility thet the Distribution of Fraternal 
Teine Corresponds te « Sib Populetion 


Like sex fre- All fraternal 
ternal twins twine 
x 


2.084] 0.67 2.677 0-62 
1-069 | 0.89 2.553 0.64 


Blood group | Russians 
All twine 


RPTC Ruseiens 0.174] 0.68 0.936 0.35 


‘ 
i 
all twine 1 | 0-526] 0.48 2.308 0.15 
3 
3 


Blood groups| Russians 0.399 | 0.9396 1-830 0.63 
and 


all twine 


0.739 | 0.86 2.152 


occurs since their genetic intrapair dif- 
ferences would be apparent at least in 
some cases for such traits as RPTC- 
acuity or blood groups. In our ma- 
terial there were intrapair differences 
for RPTC-acuity in three pairs. The 
members of the first two pairs (No. 
762, Figure 54, and pair No. 610, Fig- 
ure 5B) showed complete similarity for 
all other traits. The members of the third 
pair (No. 1005, Figure 4) seemed 
upon superficial examination to be very 
different, particularly because one of 
the members was pathologically handi- 
capped. As a matter of fact the part- 
ners of this pair differed in only one 
trait (thickness of lips). Intrapair dif- 
ference for fingerprints in each of the 
three pairs was comparatively small. 

These doubtful pairs were examined 
several times and conferences were held 
to finally decide the zygosity. On the 
basis of all the data they were classed 
as identical twins. Intrapair differences 
for RPTC were considered as due to 
phenotype variation of the gene for 
RPTC. 

Conclusions 


1. The diagnosis of twin zygosity 
based upon the method of external 
similarity is satisfactory for widespread 
investigations. 

2. We found no evidence for 
and one-half zygosity.” 

3. The gene for RPTC seems to be 
phenotypically variable in some cases. 
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MOTIVATION OF CHILDLESS MARRIAGES 


PAauL PoPENOE 
Institute of Family Relations, Los Angeles, Calif. 


HE increasing proportion of 

childless marriages has been a 

striking feature in America as in 
other civilized countries. Figures show 
that the proportion of marriages in the 
United States that never produce a 
child is about 17 per cent, while if con- 
sideration is limited to the educated 
part of the white population, the amount 
of childlessness is nearer one in five. 

Some of this childlessness is volun- 
tary, some involuntary, and there have 
been wide differences of opinion as to 
the proportions of the two kinds in the 
total. Analysis of childless marriages, 
in the data collected by Katherine Be- 
ment Davis, showed that three-fourths 
had wanted children and one-fourth 
were childless by preference. It is not 
certain, however, even when people are 
answering an anonymous and confiden- 
tial questionnaire, that they will tell the 
whole truth in this connection. It is 
easy for them to rationalize their own 
feelings. In addition to the explana- 
tions of the childless couples themselves, 
there is need of a commentary from 
their close friends and relatives, whose 
interpretation of the reasons for a 
childless marriage might not wholly 
correspond with the interpretation given 
by the principals. 

I therefore asked more than 100 
adult students at the University Col- 
lege, University of Southern Califor- 
nia, to list all the cases of permanent 
childlessness that they knew among 
their closest friends and relatives, se- 
lecting only such marriages as they felt 
sure would at no time in the future 
produce children, and only those coup- 
les whom they knew so intimately that 
they felt no doubt as to the motivation 
of childlessness. The students contrib- 
uted histories of 862 couples, which are 
nearly all from the educated part of the 
population, with an excess of profes- 
sional people, particularly teachers. The 


findings might not apply to a wholly 
different socio-economic level of the 
population. How far they are typical 
of the white-collar population in other 
states than California is a matter of 
opinion and, I hope, of investigation by 
others in the same way. 


These were divided as follows: 


Voluntary —...____. 582 67% 
Involuntary 280 33% 
862 100% 


It will be noted that in only one-third 
of these marriages was childlessness un- 
desired, as compared with three-fourths 
in K. B. Davis’ study. One can not be 
sure that this percentage is representa- 
tive. In the first place, my students 
may unconsciously have selected cases 
in which they knew the couple did not 
want children. In the second place, the 
percentage of biological sterility prob- 
ably varies greatly in different parts of 
the United States and in different social 
strata. Personally, I do not believe that 
the finding of Dr. Davis (three-fourths 
of the childless marriages involuntary) 
is representative of the facts among 
educated people at the present day; but 
this is a question that deserves further 
study. 

The causes of involuntary sterility 
can not be studied profitably by the 
method here used. Often the causes are 
not known even to the subjects them- 
selves. Some childless marriages in this 
series are due to the advanced age of 
the wife at marriage. More than 10 
per cent are due to surgical operations 
performed on the wife (or occasionally 
the husband) which resulted either in- 
cidentally or intentionally in_ sterility. 
In another 20 per cent of cases, some 
disease or other physical condition was 
thought to explain childlessness. But 
all these factors together leave nearly 
two-thirds of the cases in which my in- 
formants at least had no knowledge of 
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the causation. It would not be prof- 
itable to analyze any further the cases 
of involuntary sterility in this series. 
The detailed enumeration of pre- 
sumed reasons for voluntary refusal to 
bear children was extremely interesting, 
but difficult to summarize satisfactorily. 
For the present purpose they may be 
classified as follows: 
Number Percent 


Self-centered 180 1 
Wife’s career 128 22 
Economic pressure 96 16 
51 9 
Dislike of all children. 49 8 
Miscellaneous 6 
5 
Marital discord _............. 15 3 

582 100 


1. “Self-centered” is a term I have 
used, for lack of anything better, to 
cover such comments as “social climb- 
ers,” “wanted to be free to travel,” and 
the like. Mr. and Mrs. A. are “too 
busy working and making money to 
bother with children.” In the case of 
the B.’s, “wife wants to teach; husband 
wants to hunt and fish; each wants to 
follow own inclination and a child 
would disturb both of them.” The his- 
tory of the C.’s is a common type: “they 
wanted to save for a home and furni- 
ture first, but never reached the point 
where they were satisfied.” The D.’s 
think an apartment is no place to bring 
up a child; and they simply couldn’t 
consider living anywhere except in an 
apartment! Mrs. E. can’t afford a maid, 
and she is certainly not going to let a 
child interfere with her club and social 
activities. Such histories are typical of 
a large number. 

Perhaps a dozen of the wives have 
avoided pregnancy because, as_ they 
frankly told their friends, they feared 
the experience would spoil their looks 
or figures, and they did not want to 
make that supreme sacrifice. They are 
well matched by an equal number of 
men who insisted on sterility because 
they were afraid a child might take first 
place in the wife’s affections, leaving 
them to “eat at the second table” of 
affection, without the amount of pet- 
ting, mothering, and babying that they 


craved. Four couples had foregone par- 
enthood, my students said, because this 
feeling was mutual: “they were so 
much in love with each other that they 
couldn’t bear to think of children that 
might come between them and spoil the 
perfection of their romance.” This is 
the much advertised Companionate 
Marriage raised to the mth degree! 

2. “Wife’s career” covers those cases 
in which the wife gave up maternity to 
work, not because she needed the money 
but because she preferred the outside 
occupation and did not want to inter- 
rupt it. This classification is large be- 
cause so many of my students are teach- 
ers, social workers, and the like, and 
report the cases of their own friends in 
the professions. 

Mrs. F. “doesn’t like to stay at 
home,” so she works instead. Mrs. G. 
has a little better excuse,—she has 
taught for 20 years and has not only 
“got the habit” but does not want to 
lose her retirement pay, which will soon 
be due her. Most of the stories under 
this heading are of a commonplace 
type: the wife was educated for a ca- 
reer, not for motherhood, and she wants 
her “freedom.” 

3. “Economic pressure” is a classifi- 
cation intended to take only those cases 
where husband and wife could not af- 
ford children,—not those in which they 
preferred to be childless. and rational- 
ized this emotional attitude by explain- 
ing that they didn’t want to have a child 
until they were sure they could give 
him every advantage, etc., etc. Doubt- 
less rationalization enters into a good 
many of the cases in this category; but 
some are at least plausible. 

Some must support their parents; in 
other cases the husband has been out of 
employment, or sick, so much that the 
wife has had to stay close to the pay- 
roll. A tuberculous husband is men- 
tioned in several instances. Others have 
been hit by the depression. Mrs. H. 
married a ready-made family, and didn’t 
feel that she dared add one of her own 
to those her husband already had. Mrs. 
I. faces the same situation except that 
her husband is also paying alimony to 


| 


as 

bale 
| 
; 
| 
= 


| 
| 


Popenoe: Childless Marriages 471 


a previous wife. Mrs. J. is slaving to 
support an imbecile sister, and sacri- 
fices her own possibility of motherhood 
to the care of this unfortunate. 

4. “Health” may be a rationalization 
occasionally, but in many of these cases 
it is a grim reality. Even in this edu- 
cated stratum of society, a number of 
the childless marriages give every evi- 
dence of being due to syphilis; others 
to tuberculosis, still others to glandular 
deficiency. 

5 “Dislike of children,” which in- 
cludes “fear of childbearing,” is to me 
the most interesting of all the groups, 
for the light it throws on the attitudes 
and educational background of sup- 
posedly intelligent people. Occasionally 
the fear of childbearing is to some ex- 
tent justified, as with the woman whose 
pelvis is too narrow for normal deliv- 
ery. Other women would be perfectly 
willing to take the risk of a Caesarean 
operation; but if a woman does not 
want to take this risk, she should not be 
compelled to. Most of the cases are 
purely neurotic, however. Was it Os- 
wald Spengler who said that “The mod- 
ern woman has neuroses instead of 
babies”? This little study shows that 
it is equally true of the modern man! 

Mrs. K.’s mother died in childbirth; 
her sister also died giving birth to her 
first baby. With these examples ever 
in mind, Mrs. K. will not take the risk. 
Mr. L., on the other hand, lost his first 
wife in childbirth; he will not allow his 
second wife to jeopardize herself. Mr. 
M. did not even have that excuse; but 
“he adored his wife and did not want 
her to suffer or be disfigured.” 

Such cases, in which there is a fear 
of childbearing, shade insensibly into 
the cases of mere dislike of offspring. 
The latter cases shade insensibly into 
group 1, made up of persons who are 
so self-centered and infantile that they 
do not want to have to divide the spot- 
light with an offspring. I have tried to 
differentiate categories 1 and 5 by put- 
ting in the former those who did not 
dislike children, but liked themselves 
better; in the latter those who, while 
doubtless not disliking themselves, had 


an active dislike or antagonism toward 
offspring. 

Mrs. N. likes children but her hus- 
band is terribly annoyed by them—to 
the extent that they have gradually lost 
all their friends who have children. Mr. 
O. is like a number of others who were 
unhappy in childhood, and will not 
bring children into the world to go 
through such an ordeal. Mrs. P. “can’t 
stand to have a child around”; Mrs. Q. 
says children make her nervous; Mrs. 
S. had a particular aversion to children, 
and died after an abortion. Mrs. T. is 
dominated by a neurotic mother, who 
doesn’t like children (she ought to 
know). Mr. U. says it is hard enough 
to get along with a wife; he wouldn't 
want to undertake responsibility for a 
child as well. Mrs. V. has seen so many 
unhappy marriages where there are 
children that she doesn’t want to add to 
the number. Mr. W., who takes life 
seriously and children more so, was so 
upset by the news of his wife’s preg- 
nancy that he became violently ill and 
she consented to an abortion to save his 
life, so to speak. And so the story 
continues, —a striking commentary on 
present-day education. 

6. Eugenics is, as the reader will note, 
invoked by only one couple in every 
twenty, among the voluntarily childless. 
In other words, the part that eugenic 
motivation plays in producing childless- 
ness is virtually negligible. The cases 
in which it is invoked seem to be legiti- 
mate enough, mostly involving the ex- 
istence of mental disease in the an- 
cestry. 

7. Finally, there are a few cases in 
which husband and wife are so inhar- 
monious that they do not want chil- 
dren, perhaps thinking that the pres- 
ence of offspring would complicate mat- 
ters still further and also create diffi- 
culties in case of a divorce. Several of 
these are mixed marriages between a 
Protestant and a Catholic, in which the 
difference of religion is invoked as an 
explanation of childlessness, — though 
one would suppose that this explana- 
tion could hardly be made by a Cath- 
olic in good standing with his church! 
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It will be remembered, in conclusion, 
that the causes here cited as leading to 
voluntary childlessness are not given 
by the couple themselves. As a fact, 
their explanations might be altogether 
different. This study has been made 
by asking the close friends and relatives 
of childless couples to tell what they, 
and not the couples themselves, think is 
the real motive for the childlessness. I 
suspect that in this way a more objec- 
tive and accurate picture is obtained 


than if the husband and wife told their 
own story. At least, both methods of 
inquiry should be followed. The pres- 
ent method indicates that the great bulk 
of the voluntary childless marriages are 
motivated by individualism, competitive 
consumption economically, and an in- 
fantile, self-indulgent, frequently neu- 
rotic attitude toward life. It seems to 
me, therefore, to suggest several lines 
along which the education of young 
people might profitably be changed in 
the interest of society. 


(Continued from page 464) 


Time. Genetic experimentation in cancer 
must necessarily depend on the breeding of 
relatively pure stock before valid conclusions 
can be reached. Pure stock means inbred 
strains, highly uniform in cancer incidence. 
Attempts to reach final conclusions without 
suitable experimental material prompted 
Hogben’s plaintive observation that “many 
a sloppy piece of biological research is con- 
cealed behind a facade of flawless algebra.” 
When we consider that Miss Slye has spent 
a quarter of a century in mouse cancer re- 
search, and when it appears from this state- 
ment that she has not been able to maintain 
strains of known cancer incidence, the impos- 
sibility of reaching valid conclusions with this 
material is tragically obvious. This situation 
cannot alter the fact that all “fair minded 
men” willingly concede that Miss Slye did 
invaluable pioneering in showing years ago 
that a genetic basis did exist for cancer devel- 
opment in mice. 

The principle which Jaffe apparently implies, 
that there is a sex distinction in scientific 
research, is a very dangerous principle in- 


In answering my first point, Mr. Cook ques- 
tions whether Dr. Conklin “read all of my 
book with a critical eye.” That is a matter 
which the President of the American Asso- 
ciation for the Advancement of Science can 
answer best. 

The second point, for some unexplained rea- 
son, has been completely ignored. Regarding 
my last point, we agree that conclusions drawn 
from most genetic experiments must be ex- 
amined very carefully because of the many 
difficulties involved. Here there can be dif- 
ferences of opinion and honest ones, but, as 
Voltaire wrote, “we may have preferences 
but no conclusions.” 

Finally to say that I have raised “a sex dis- 
tinction in scientific research” is to come peril- 
ously near being ludicrous. Rather has nature 
created an emotional distinction which stamps 
the scientist who cannot fairly appraise the 


deed. The objective search for truth is a 
difficult enough matter under any circum- 
stances. We can hardly afford to be handi- 
capped by giving recognition and medals to 
the work of a woman as a woman, when a 
man’s work of similar quality would un- 
questionably not be accorded such recogni- 
tion. The reviewer is very doubtful whether 
female scientific research workers will thank 
Mr. Jaffe for advancing this not too com- 
plimentary view. 

To judge by the. first sentence of his pre- 
penultimate paragraph, it seems that Mr. 
Jaffe and the reviewer are at one on the 
main point. We agree that research in can- 
cer genetics is just in its earliest beginnings. 
We are both convinced, I imagine, that a 
large number of different genetic factors 
are involved—factors regarding which very 
little is yet known. We both agree that 
Miss Slye’s verses are excellent—only the 
reviewer does not think they have much to 
do with the strictly scientific aspects of 1935 
cancer genetics —Rorert Cook. 


work of those who differ with him. 

For the many kind things that Mr. Cook 
has written about Outposts of Science I am, 
of course, very thankful. I feel, however, that 
THE JourNAL oF Herepity still owes Maud 
Slye an apology.—BERNARD JAFFE. 


Several names of ignored researchers were 
mentioned in the original review, but the re- 
viewer questions the taste and wisdom of 
contemporary placing on pedestals. 

In the face of facts intelligent people do not 
differ. We all agree what happens when one 
steps off the coping of a building, and there is 
no more reason to dispute whether a dominant 
gene or a recessive is easier to eliminate than 
there is to maintain that the circumference 
of a circle is four times the diameter. The 
genetic statements cited from the Outposts 
remain wrong.—R. 
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STUDIES IN THE GENUS FRAXINUS 


II. Data on the Flowering and Fruiting Habits of Three American Species 
of Ash—of Possible Economic Importance in the Production 
of Rapid-Growing Forest Trees 
EpGAR ANDERSON 
Missouri Botanical Garden, St. Louis 
and 
C. M. WHELDEN, JR. 


HE genus Fraxinus, including 
| several species of outstanding eco- 
nomic importance, is of particular 
interest to the tree breeder since several 
of the species are dioecious. It may 
therefore ultimately be possible to pro- 
duce first generation hybrid seed cheap- 
ly and in quantity by establishing the 
desired parental species in isolated plots 
and removing the male trees of one spe- 
cies. Such an objective will require the 
compilation of data on the flowering and 
fruiting habits of Fraxinus. The follow- 
ing paper reports an initial attempt to 
gather such information for three Amer- 
ican species. The work was carried out 
at the Arnold Arboretum of Harvard 
University in the spring of 1934 under 
the auspices of the Harvard Forest. 
The authors are indebted to the late 
Director of the Forest, Dr. R. T. 
Fisher, and to the other members of the 
Forest for advice and encouragement. 
Crossability: The genera of the flow- 
ering plants differ in the ease with 
which species crosses can be made. 
Fraxinus is apparently fairly favorable 
material; a number of crosses are on 
record.! The clearest case is that of the 
hybrids produced at the Royal Botanical 
Gardens at Kew as the result of pioneer 
work by Dr. Augustine Henry. These 
hybrids (Fraxinus excelsior  F. lan- 
ceolata and F. excelsior & F. oregona) 
were seen by the senior author in 1934. 
They were at that time thrifty young 
trees, the cross F. excelsior & F. ore- 
gona being particularly vigorous. 


Sex 


Fraxinus americana the White Ash, 
F. pennsylvanica the Red Ash, and F. 


pennsylvanica var. lanceolata the Green 
Ash were strictly dioecious. Two hun- 
dred trees of F. americana were exam- 
ined in the neighborhood of Boston, 
Mass. Of these 67 per cent were found 
to be females and 33 per cent were 
males. The males can be distinguished 
in the early spring by the larger flower 
buds which begin to swell conspicuous- 
ly while the female buds are still ap- 
parently dormant. Fraxinus quadrangu- 
lata the Blue Ash, as represented in the 
living collections of the Arnold Arbore- 
tum by trees from Ohio and from Mis- 
souri, is monoecious. 

Males: In F. americana and F. penn- 
sylvanica male trees were found to blos- 
som irregularly. They may bloom sev- 
eral years in succession and then go 
one or more seasons without blooming. 
In 1934 the pollen of F. americana was 
shed from May Ist to May 6th, individ- 
ual trees shedding pollen for about four 
days. The fertility of the pollen in F. 
americana, F. pennsylvanica, and F. 
quadrangulata varied from 92 to 99 
per cent. Except in the case of F. quad- 
rangulata pollen can be forced success- 
fully by bringing twigs into the green- 
house. Beginning in the middle of 
April, it was possible to force pollen in 
nine days; two days before the trees 
came into bloom out of doors the time 
had been shortened to less than a day. 
Pollen stored for three weeks seemed 
normal under the microscope and caused 
fertilization when applied to stigmas of 
Fraxinus. Pollen stored for ten months 
contained a high percentage of appar- 
ently normal pollen grains and germi- 
nated readily on artificial media. The 
pollen yield was conspicuously lower in 
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Fraxinus quadrangulata, barely one- 
third as much per flower cluster as in 
the other species. 

Pollen color’ varies considerable in 
the various species and seemed to be 
constant within each species. Pollen 
collected in quantity and examined in 
glass vials gave the following values 
with Ridgway’s color chart: Fraxinus 
americana, Primuline yellow; F. penn- 
sylvanica var. lanceolata, Mustard yel- 
low to Amber yellow; F. quadrangulata, 
Barium yellow. 

Females: Fruiting years are irregular. 
The same tree may fruit several years 
in succession and not all the Ashes of 
any one region fruit in the same year, 
although there are certain years when 
the seeding is much more general than 
in others. Female flowers are not easily 
forced in the greenhouse. They may be 
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forced on the tree by covering the twigs 
with cellophane bags in the early spring. 
Once the flowers have emerged from the 
bud the twigs may be removed to the 
greenhouse and used for pollination 
studies. In 1934 the stigmas were re- 
ceptive for a period of four to six days. 


Conclusions 


Quantity production of hybrid ash 
seed does not seem impossible. It is 
favored by the strict dioecism of some 
of the economically most important spe- 
cies, by the good pollen, and by the 
pollen viability. Short blooming periods 
present serious but apparently not un- 
surmountable obstacles. 
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A NEW BUREAU OF HUMAN HEREDITY 
British Eugenists Organize to Collect Human Genetic Material 


HE object of this Bureau is col- 

| lection on as wide a scale as possi- 

ble of material dealing with human 

Genetics. Later, the tasks of analysis of 

material and distribution of the informa- 
tion available will be added. 

The Bureau is directed by a Council 
representing medical and scientific bodies 
in Great Britain. It is affiliated to the 
International Human Heredity Com- 
mittee, which ensures co-operation in all 
areas where research is proceeding. 

The Council would be grateful to re- 
ceive all available material from Insti- 
tutions and individuals, furnishing well- 
authenticated data on the transmission 
of human traits whatever these may be. 
Pedigrees are particularly desired ; twin 
studies and statistical researches are also 
relevant. As research workers and 
others who send in material may in some 
cases wish to retain the sole right of 
publication (or copyright) those who so 
desire are asked to accompany their ma- 
terial with a statement to that effect. 

Material should be given with all 
available details in regard to source, di- 


agnostic symptoms and the name and 
address of the person or persons who 
vouch for accuracy. All such details 
will be regarded as strictly confidential. 
Reprints of published work would be 
most acceptable. Further, many authors 
when publishing material may also have 
collected a number of pedigrees which 
they have been unable to reproduce in 
detail. It is the object of the Council 
that such records, by being included in 
the Clearing House, should not be lost. 
Those wishing for a copy of the Stand- 
ard International Pedigree Symbols may 
obtain one from the office. 
Announcements in regard to the serv- 
ices undertaken by the Bureau will be 
published from time to time. Communi- 
cations should be addressed to the Bu- 
reau of Human Heredity, 115 Gower 
Street, London, W. C. I, England. 
Chairman: R. Ruggles Gates. 
Executive Committee: R. A. Fisher, J. 
B. S. Haldane, E. A. Cockayne, J. A. 
Fraser Roberts, L. E. Halsey (Hon. 
Treasurer), C. B. S. Hodson (Hon. 
Gen. Secretary). 
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A DEFENSE OF BASIC PLANT PATENTS 


From the Plant Breeder’s Point of View 


KeitH C. BARRONS 
Alabama Polytechnic Institute, Auburn, Alabama 


ent Act in 1930, and particularly 

during the last few months, con- 
siderable uncertainty has arisen concern- 
ing its interpretation. This uncertainty 
of the law which is characteristic of so 
many acts of Congress, until clarified 
by the courts, has promoted much dis- 
cussion concerning numerous points of 
issue. Some of the views held by geneti- 
cists and Plant Breeders have been pub- 
lished from time to time in the JouRNAL 
oF Herepity. Until the courts define 
this Act in one or more test cases any 
discussion as to which plants should be 
granted patents and what protection a 
patent should provide is in a way a waste 
of time. Yet such discussions may be 
worth while if they aid in bringing about 
a clearer understanding between plant 
breeders, patent attorneys, the Patent 
Office, and the courts. 

The chief point of issue seems to be 
whether Congress intended plant patents 
to be granted to the asexual progeny of 
one plant, in genetic terms a clonal line, 
or to a group of plants which approach 
the claim description with a certain de- 
gree of closeness. Interest in this un- 
certainty of the law was greatly in- 
creased when Plant Patent No. 141 was 
granted for a super-double nasturtium. 
This has been called a basic plant pat- 
ent by Eyster and Burpee,* because as 
the claim reads it is intended to include 
any nasturtium whose flower form is 
covered by the description, regardless of 
color, habit of growth, or other plant 
characters. 

Cook? has questioned the authority of 
the Patent Office in granting this so- 
called basic patent. He seems to be of 
the opinion, as are a number of geneti- 
cists with whom the writer has discussed 
the matter, that unless a patent is grant- 
ed to and protects one specific clonal line 


Sn the passage of the Plant Pat- 


the law will be too difficult to enforce. 
A number of questions regarding this 
controversial subject have been raised 
by those who hold that plant patents 
should be granted on a broader basis. 
The latter group wonder if such broad 
patents would be more difficult to en- 
force than ordinary mechanical patents. 
In cases of litigation would the courts 
have more difficulty in determining the 
bounds of protection for a broad plant 
patent than for a mechanical patent 
which protects a principle of design? 
Might it not be just as difficult for the 
courts to decide whether plants allegedly 
being sold in infringement were of the 
same clonal line as the patented variety 
or a slight variation of a very similar 
but not identical genotype? The writer 
is of the opinion that if the courts ad- 
here to the “one clonal line” interpreta- 
tion, plant patents will be rendered prac- 
tically worthless in many cases. Under 
such circumstances a slight variation 
from a patented variety could be mar- 
keted without danger of an infringement 
suit. This variant might differ from 
the patented variety in some minor char- 
acter of no economic importance, yet it 
would be a different clonal line. 

It is not improbable that clones similar 
but not identical to varieties already 
patented will arise from time to time. 
By careful breeding such similarities 
could undoubtedly be produced in spite 
of the high degree of heterozygousity 
and uncertain genotype of most horti- 
cultural varieties. 

The Plant Patent Act was intended 
by Congress to provide economic en- 
couragement to practical plant breeders. 
The opinion was expressed in Congress 
at the time the Act was up for discussion 
that to make patent protection available 
to asexually propagated plants would 
not only aid that branch of American 
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agriculture which produces and sells 
such plants but would greatly encourage 
the breeding and introduction of im- 
proved varieties. Thus the public at 
large would benefit. The basic idea of 
the Constitutional Convention in making 
provisions for patent laws was to pro- 
mote progress for the public good rather 
than for private advantage. The pos- 
sibility of financial reward is the one 
logical incentive for such progress. By 
making the protection granted a plant 
too narrow the very purpose of Congress 
will be defeated. Narrow protection 
will eventualy result in certain patents 
becoming worthless. The encourage- 
ment for inventive progress will diminish 
with each case of this nature until the 
Plant Patent Law will have little effect 
in promoting the breeding of new and 
useful varieties. No one seems to know 
just how Congress intended the techni- 
calities of the law to be interpreted. Pos- 
sibly that body was not aware of all the 
biological and economic implications of 
tne Act, yet we do know what Congress 
intended it should accomplish. 
Unfortunately, the first and thus far 
the only court decision involving a plant 
patent was based on a “one clonal line” 
interpretation of the law. This was the 
decision handed down by the United 
States District Court for Eastern Ohio 
invalidating Plant Patent 110. The case 
has been discussed by Bebb’ and more 
recently by Cook.* Plant Patent 110 
was granted to M. H. Horvath in 1934 
for an érect growing form of Berberis 
thunbergia. The plaintiff in the case 
charged the defendant with infringement. 
The chief basis of the court decision in- 
validating the patent was evidence that 
the plant in question was introduced to 
the public prior to passage of the Act in 
1930. One part of the decision, how- 
ever, raises the question as to whether 
plants being sold by the defendant might 
not have had separate origin. The fol- 
lowing is taken from the text of the 
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decision: “From a consideration of all 
of the evidence upon the subject, I feel 
unable to say that it would be impossible 
to reproduce or duplicate substantially 
the character of plant of the plaintiff 
without cuttings from the Horvath 
plants. Conceding that the plants of 
the plaintiff and of the defendants have 
similar characteristics, the proof is not 
clear and convincing that the plaintiff 
must have appropriated plants or cut- 
tings belonging to Horvath or his as- 
signee.” 

If the decision of this court is taken 
as precedent, we are led to believe that 
proof of independent origin alone would 
furnish protection from infringement 
suits regardless of the similarity of the 
two plants involved. This would not 
only allow sale of very similar varieties 
but identical varieties as well if it could 
be proven that they were not reproduced 
asexually from the patented plant. In- 
dependent invention is of no defense in 
a suit involving an ordinary patent. In 
this one respect at least any plant patent 
act must follow the principles of ordi- 
nary patent law if it is to be of any value 
whatsoever to horticulture and to the 
public. 

As this decision was rendered by a 
minor court, it may or may not have 
precedent in later court proceedings. 
Nevertheless, it is of special significance 
that this first court decision heads in the 
direction of a useless Plant Patent Law. 

Plant Patent No. 141, discussed by 
Eyster and Burpee,* presents a very un- 
usual case. A super-double nasturtium 
which is female sterile but possesses fer- 
tile pollen was discovered by the pat- 
entee. This was found to differ from 
the ordinary double nasturtium by one 
dominant gene. It was, therefore, very 
simple by crosses and back-crosses with 
ordinary double nasturtiums to produce 
numerous colors and other variations all 
possessing this peculiar type of flower. 
The writer* has observed at least twelve 


*Until June of 1936 the writer was employed as a plant breeder by the W. Atlee Burpee 
Company. While in the services of that firm, he did considerable breeding work with double 
and super-double nasturtiums. His opinions expressed here are in no way intended to reflect 
the opinions of his former employers. 
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distinct flower colors, three chlorophyl 
intensities, three leaf shapes, and four 
habits of growth in the garden nastur- 
tium. Any combination of these charac- 
ters combined with the super-double 
flower type could be produced by mak- 
ing the proper crosses. Therefore, no 
less than four hundred and thirty-two 
distinct clonal lines of super-double nas- 
turtiums are within the realm of possi- 
bility. Had the Patent Office refused to 
grant this so-called basic patent, the pat- 
entee would have been required to take 
out four hundred and thirty-two sepa- 
rate patents in order to fully protect his 
invention. This might have been good 
business for the United States Patent 
Office but mighty poor business for a 
commercial plantsman. 


Another case similar to the super- 
double nasturtium, namely, one in which 
a character dependent on one gene which 
can be readily transmitted through the 
pollen of an otherwise sterile plant, may 
not arise again for years. This particu- 
lar case is perhaps not important in itself 
as the super-double nasturtium is a mere 
oddity bound for the horticultural grave- 
yard after a season or two of prominence 
as the result of extensive publicity. Its 
introduction has probably been worth 
while, however, if it aids in clearing up 
the question of broad plant patents vs. 
patents on a single clonal line. 

When a breeder discovers a new plant 
character of economic importance, his 
discovery is comparable in a way to a 
new mechanical design. When he com- 
bines that character in one plant with 
other characters which render the result- 
ing variety salable, his act can be com- 
pared to the application of the new de- 
sign principle to a commercial product. 
In either case there is something basic- 
ally different between the new and the 
old. The mechanical inventor is given 
protection broad enough to cover his 
principle of design. If plant patents are 
granted to one specific clonal line, the 
plant breeder cannot be assured of any 
lasting patent protection. 

For example Plant Patent No. 4 was 
granted for a thornless dewberry. The 
breeder of this variety was the first to 


discover a dewberry possessing this im- 
portant economic character. By hybridi- 
zation it would undoubtedly be possible 
to produce another thornless dewberry 
variety, similar to the original, just as 
good for commercial purposes, but dif- 
ferent enough that no one could doubt 
its being a distinct clonal line. Should 
this new thornless variety be granted a 
patent, and should it be allowed on the 
market in free competition with the dew- 
berry supposedly protected by Plant 
Patent No. 4? Under such circum- 
stances actual protection would not ex- 
ist. It may be argued that the breeding 
of still better strains of thornless dew- 
berries would be impeded if Plant Pat- 
ent No. 4 was considered a basic patent 
on the thornless character. Indeed it 
would be an imposition on the public if | 
this patent was interpreted on a basis 
so broad that no new thornless dewberry 
could be sold regardless of its other 
qualities. A new dewberry possessing 
superior quality or any other desirable 
new characteristics together with the 
thornless character should be patenable, 
but not unless it is distinct from the 
original in some character of horticul- 
tural value. 

Regardless of what Congress may 
have intended and regardless of what 
views are held by the Patent Office and 
attorneys, plant patents granted on a 
“one clonal line” basis may have little 
value to the breeder. It is suggested 
that patents on varieties which are of 
importance because they represent a new 
combination of characters should be 
broad enough to protect them from in- 
fringement by essentially similar clones 
not of distinct horticultural value. It is 
further suggested that patents on plants 
which possess some new character not 
before known to horticulture should be 
basic enough to protect them from in- 
fringement by varieties which possess 
that new character but differ in some 
other respect unless these further differ- 
ences render the clone of distinct eco- 
nomic importance in themselves. 

As Cook® has suggested, the law needs 
immediate revision before later court de- 
cisions render other plant patents invalid 
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and discredit the whole idea of patent 
protection for plants. Such a revision 
must come about if the Plant Patent Act 
is to be of lasting value to American 
horticulture. Every effort should be 
made on the part of horticulturists to 


encourage the introduction and passage 
of a revised law. In the writer’s opinion 
every effort should be made to encourage 
a revised law broad enough to assure 
protection from infringement by very 
similar clones. 
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Epitor’s Note. Mr. Barron’s discussion is 
of great interest as presenting the view of a 
practicing plant breeder regarding the Plant 
Patent Law. One cannot avoid the feeling 
however, that Mr. Barron’s may much under- 
rate the value of a “one clonal line” interpreta- 
tion of the law. In actual practice a great 
* many varieties have a rather short period of 
popularity—before they are headed for the 
“horticultural grave yard.” Thus in actual 
fact a “clonal patent” would in most cases give 
excellent protection for several years, during 
which the “economic cream” of a great ma- 
jority of new varieties would be skimmed. 
Especially is this true if the name of the va- 
riety and the new form were linked together 
by some form of registration. This set-up 
would give the originator or his assignee no 
little protection through injunction against in- 
fringers. This should be a very formidable de- 
terrent to “pirating” a new variety. 

In actual practice it is possible that protec- 
tion under a “clonal” law might be better than 
protection under a broader law. We must bear 
in mind that botanists have not been complete- 
ly successful in evolving accurate verbal diag- 
nosis of species differences. Since this botani- 
cal experiment in plant description has been 


going on with varying success since Linnaeus’ 
time, it may be that a valid definition of 
varieties differing only in a few rather variable 
characters may be virtually impossible. As a 
matter of practice it might therefore prove 
impossible to make plant patent claims “stick” 
unless reference is to a definite clonal variety 
or to a definite type plant. 

There is a very real difference between 
trying to differentiate plants by descriptions 
and drawings, and in trying to differentiate 
mechanical devices by that means. While 
mechanical devices are undoubtedly simpler 
in their patentable elements than plants are, 
nevertheless the verbal complexities and per- 
plexities which are -built up to circumscribe 
new developments in mechanical patent claims 
are astonishing, as anyone can learn by read- 
ing a few patents. The difficulty of a com- 
plete, unequivocal description of a plant on 
such a basis appears to be very formidable in- 
deed, and may well in practice be unworkable. 

The relative simplicity of a registration 
system in which a new form and a name are 
linked together seems to have practical ad- 
vantages which should not be overlooked in 
working toward a revision of the Plant Pat- 
ent Law. 
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Testing of Patented Plants 


November 9, 1936. 
To THE EpitTor: 

With reference to your article on Plant 
Patent 110, it does seem as if it ought to be 
possible to get a group together to plan re- 
vision of the law along the lines you suggest. 

It is hardly to be expected that the people 
responsible for the law and its administration 
will be of much help—for it will first be 
necessary for them to admit serious errors. 

It is too bad that such a large percentage 
of patentees should have paid out good money 
and received patents obviously invalid. Some 
of them could probably be re-issued. There 
is one basis of invalidity that is not much 
stressed, i.e. in public use or on sale for more 


than two years prior to the application for 
patent. This is not the same as “introduced 
to the public prior to the approval of the 


ct. 

The Burbank plants, I understand, were 
actually sold many years before filing the 
applications, which, if true, would have pre- 
vented issue of patents. 

Mere “testing” in various soils and climates 
seems proper—with no time limit unless there 
is “public use” or “sale” more than two years 
before filing the application for patent or “in- 
troduction to the public” before approval of 
the Act, whatever that may mean. 

Rosert S. ALLYN 
41 Park Row, New York City 
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FROM SORANOS TO GOODYEAR 


The Story of Man’s Long Struggle to Control Human Fertility by Means 
Less Brutal than such Malthusian Checks as War, Starvation and Disease 


HE human race has been struggling 

for thousands of years to develop a 
safe, sane, and reliable means of peace- 
fully controlling population growth, yet 
during modern times there has been 
available no comprehensive medical his- 
tory of contraception. When Professor 
Norman E. Himes, of Colgate Univer- 
sity, undertook some ten years ago to 
remedy this situation he soon found that 
in endeavoring to map historically that 
virtually unknown land he had under- 
taken a real job of exploration. His trek 
soon brought him smack up against an 
intangible but none the less real obstacle 
of ominous proportions, that secret, 
sacred, and awful psychological cliff 
which the African savages call “juju.” 

As late in the history of the world as 
the vear 1925 A. D. the phrase “birth 
control” struck fear in the hearts of many 
modern medicine men, and few were 
ready to accompany Professor Himes 
back along the trail which he had under- 
taken to follow to its beginnings long 
before the golden ages of Greece, Rome 
and Egypt. Letters to authorities sus- 
pected of having important knowledge 
about this none-too-well marked trail 
brought little response and less informa- 
tion about the great tabooed plateau 
which our pioneering scientific Tarzan 
had assayed to explore. Not even world 
famous libraries had scientifically cata- 
logued in their most secret chambers the 
trails leading to the mysterious realm, 
and before Professor Himes could go far 
along his journey he was forced to study 
even the science of philology to make 
available original sources. 

At length the Social Science Research 
Council came to Professor Himes’ aid. 
Armed with a grant from that learned 
scientific organization he travelled far 
enough to make a comprehensive survey 


of the birth control movement in Eng- 
land. This progress was noted by the 
National Committee on Maternal Health, 
which was scouting in the territory to 
which Professor Himes wished to jour- 
ney. The present volume* was issued 
under the supervision of this medical 
committee and the book was reviewed 
before publication by a highly competent 
medical editorial board. 

If the above introduction to a book of 
serious scientific nature seems needlessly 
dramatic or heroic, one need travel even 
today but a short distance along the 
pioneer path on which Professor Himes 
has gone so far, to appreciate the hercu- 
lean nature of his labors. A glance at 
the Federal laws on the subject of con- 
traception might also assist the reader 
to get into the proper atmosphere to ap- 
preciate the tremendous labor involved 
in his book. It had hardly issued from 
the press when the American Medical 
Association issued a report of a year’s 
study which is quite a contrast to the 
scientific work of Professor Himes. 
When we realize the powerful taboo that 
is attached to the subjects of sex and the 
reproduction of the race, we may possi- 
bly feel considerable sympathy with the 
position of the practicing physician, and 
understand that the task of the strict- 
ly scientific worker in this field is not an 
easy one. There is an abundance of 
general and special medical history in 
circulation, but this one aspect, a most 
important one to human welfare, appears 
to have been almost totally neglected. 

In his foreword Robert L. Dickinson, 
M. D., secretary of the National Com- 
mittee on Maternal Health, says of this 
book: “Its broad range is in no wise re- 
stricted to the word ‘medical’ in the title, 
because social and economic implications 


*Hrmes, NorMAN E. Medical History of Contraception. 
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can no more be disregarded within this 
area than they can be in the diagnosis 
and treatment of disease or in any other 
section of preventive medicine.” The 
Medical History Professor Himes pro- 
jects as the first of three volumes on the 
general subject of birth control. The 
other aspects which he hopes to discuss 
later are: (1) the social and economic 
development of birth control, and (2) 
the relation of birth control to certain 
fundamental aspects of modern popula- 
tion theory. 

As might have been expected, Profes- 
sor Himes found many curious practices 
among savage tribes which were sup- 
posed to prevent conception, but perhaps 
none of these were more magical than 
some of the charms and “old wives tales” 
which are passed over the back fence 
today. A rather common belief among 
primitive tribes as well as among mod- 
ern peoples, is that certain herbs or 
medicines when taken by mouth will pre- 
vent conception for longer or shorter 
periods or will induce abortion. Dr. 
Himes’ conclusion may therefore come 
as a surprise even to many well informed 
biologists, that “no drug has yet been 
discovered which, when taken by the 
mouth, will induce temporary sterility 
. . . prevent conception or abort.” 

It has often been said that birth :on- 
trol is nothing new and that it is as old 
as sinful man himself. This may have 
led many to wonder if the savage tribes 
had any knowledge of contraceptive birth 
control. On this point Professor Himes 
says: “A mere enumeration . . . of the 
population checks operating among con- 
temporary primitive tribes and, there- 
fore, by inference, among our more dis- 
tant ancestors, suggests, and correctly, 
that conception control played but a 
small part in limiting the growth of num- 
bers. It seems clearly established that 
infanticide and abortion were more fre- 
quently practiced than conception con- 
trol.” 

Like some of us moderns, some primi- 
tives also had their periods when inter- 
course was taboo. But they also had 
tabooed days for births. For example, 
in Madagascar, “All children born on 
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certain unlucky days were put to death 
to prevent them from bringing bad luck 
to their families.” It may be readily 
seen that if enough unlucky days oc- 
curred in the course of a year the popu- 
lation could easily be kept in hand. This 
method of population control may seem 
barbarous to civilized man, as indeed it 
was, but Himes reminds us that “in 
most uncivilized groups life is not held 
sacred until the child has gone through 
a formal ceremony or tribal recognition, 
usually marriage.” 

It is not, however, correct to say, ac- 
cording to Himes, that preliterates had 
no knowledge at all of preventive meth- 
ods of birth control. For example, by 
trial and error, they sometimes hit upon 
a crude type of vaginal suppository. In 
Java an abdominal massage to tip the 
womb was sometimes employed to pre- 
vent conception. And in other localities 
puncture of the male urethra at the base 
was a ceremonial practice in early man- 
hood. These rather brutal customs les- 
sened to some extent the chances of con- 
ception. Sexual irregularities, not com- 
pletely unknown to modern man, were 
practiced among our more distant an- 
cestors to keep down the birth rate. 

The fact that intercourse among the 
young people was promiscuous in Brit- 
ish New Guinea without showing an un- 
duly high number of conceptions has led 
travellers to wonder if the inhabitants of 
that country did not possess knowledge 
of some reliable contraceptive. “The in- 
fertile promiscuity,” says Himes, “is 
probably to be explained on Hartman’s 
theory that girls have an infertile period 
for three or four years after the onset of 
menstruation. They have no children 
because they are biologically immature, 
not because of any diffused contraceptive 
technique. Puberty and sexual maturity 
are not identical as commonly supposed.” 

While the primitive races knew little 
about contraceptive birth control as we 
know it today, Himes says: “The desire 
for control is neither time nor space 
bound. It is a universal characteristic 


of social life. * * * It is abundantly clear 
that many primitive peoples thought in 
Malthusian terms long before Malthus. 
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From Soranos to Goodyear 


The women of preliterate society knew 
all about Malthus’ main point; that too 
rapid increase endangers support. Mal- 
thus’ Essay was essentially a learned in- 
ductive proof of an obvious thesis long 
understood and long acted upon.” 

Coming forward in history to the 
Egyptians, Himes says that while con- 
traceptive techniques were recognized in 
Egyptian medicine as early as 1850 B. C. 
they were not diffused nor democratized. 
In fact, he says, it is one of the major 
generalizations of his book that contra- 
ceptive knowledge, at least of a quasi- 
reliable, harmless sort, did not begin to 
become a mass phenomenon until late 
modern times (early nineteenth cen- 
tury). And, he says, the incomplete 
process is still continuing. 

The early Jews had a smattering 
knowledge of contraception as is shown 
by the fact that the moistened sponge 
method was known to the authors of the 
Talmud. The conditions under which 
this method might be legitimately used 
were also laid down, says Himes. “ “The 
Talmud-Rabbinic law does not consid- 
er the use of contraceptives, as such, im- 
moral or against the law. It does not 
forbid birth control, but it does forbid 
birth suppression’.” Himes thus quotes 
a learned Hebrew authority. At all 
events, says Himes, it is clear that the 
ancient Hebrews manifested a desire to 
avoid both excessive sterility and exces- 
sive fertility. This he found to be a 
characteristic of every civilization he 
studied, — another major generalization 
of his book. 

Among the ancient Greeks was found 
not only a rational population policy in 
Plato, Aristotle, and others, but also a 
physician, Soranos (98-138 A. D.), 
whose “conception of contraception” was 
the greatest until the nineteenth century. 
The first mention of vinegar as a con- 
traceptive was mentioned by the physi- 
cian Aetios, who owed much of his 
knowledge on this subject to Soranos. 
He says that the ancient physicians who 
treated the subject of contraception were 
of the greatest of all time, men who have 
a permanent place in the history of med- 
icine. It was these great physicians 
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“who thought contraception worthy of 
discussion and aralysis ; who held it to be 
a legitimate part of medical practice; 
who left for the modern small-fry the 
idea that it was obscene.” 

The Dark Ages after the fall of Rome 
were especially dark for contraception. 
Himes says that the Middle Ages per- 
haps did not know as much about con- 
traception as did the Egyptians, Greeks, 
and Hebrews. After tracing medical 
contraceptive literature in the Orient 
and Islamic world, Himes considers the 
activities of Bentham, Mill, Place, Owen, 
Knowlton, and Drysdale during the early 
part of the nineteenth century. Their 
formulation of the social theory of birth 
control, he says, is accepted by the ma- 
jority of economists and sociologists. He 
further considers Annie Besant’s trial 
for publishing Dr. Knowlton’s book and 
her law of population. In his history of 
modern contraceptive methods Himes 
brings out the fact that Charles Good- 
years discovery of vulcanizing makes 
him perhaps not only the “greatest name 
in rubber” but also one of the greatest 
names in contraceptive birth control. 
The Oneida community experiment in 
this country is treated briefly, as is the 
more recent birth control movement in 
England, Holland, and Germany. 

As has been mentioned in future vol- 
umes Himes will consider contemporary 
problems and personalities of birth con- 
trol more in detail, but he does discuss 
briefly here the contributions to the 
movement by Drs. Havelock Ellis, Daw- 
son of Penn, William J. Robinson, Abra- 
ham Jacobi, and William Allen Pusey, 
the later two physicians having made 
birth control the subject of their presi- 
dential address before the American 
Medical Association. The work of Mar- 
garet Sanger is evidently reserved for a 
later volume. 

In a survey of various birth control 
clinics Himes noted that two-thirds of 
the women admitted to these clinics had 
had previous experience with contracep- 
tive methods. He notes that the clinical 


method now common in many countries 
is about 93 per cent effective, and that 
most of these clinics are operating eu- 
genically. 
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Himes believes that contraceptive birth 
control is a safe and effective method of 
peacefully adjusting population growth 
to resources and that it should rightly 
take the place of the more savage and 
barbarous methods of infanticide, abor- 
tion, war, and sexual irregularities which 
have hitherto been used to control the 
birth rate. A keen student of -population 
himself, he takes issue in no uncertain 
manner with those who fear that contra- 
ceptive birth control will cause race 
suicide. He says: 

I have never met in all history with a de- 
populationist (by which I mean a bewailer of 
declining population) nor with a population 
booster (one who is never satisfied with the 
present rate of increase) who ever understood 
the economic and sociological theory of demo- 
graphic movements. Never do such writers 
really understand the phenomena they mouth 
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about. Never do they see demographic phe- 
nomena as adjustment or equilibrium 
nomena. In a word, this is because the de- 
populators or optimists start with preconceived 
notions about what the people, under the cir- 
cumstances of the time, ought to do. The 
masses know more about these matters than 
do statesmen, physicians, and pamphleteers. 
The reason is briefly that it is the masses and 
not the advisors, who feel the pressure set up 
by economic and social situations. 


Perhaps it is fitting to close this re- 
view with a statement from the preface 
of this book: 


My study does not support the thesis that 
those cultures which employed anti-concep- 
tional practices died out because of it. 

From the universality and antiquity of anti- 
conception I infer that it fulfills some funda- 
mental human need. It has shown great stick- 
ing power. It has not only survived, it has 
grown increasingly strong. 

Guy Irvine Burcn. 


THE EUGENIC ROLE OF CONSUMERS’ 
COOPERATIVES 


A Suggested Plank for a Eugenics Platform 


HERE has recently been consid- 
erable discussion in the pages of 
the JouRNAL* regarding various 
phases of the problem of evolving 
a workable eugenic program. The 
writer was especially interested in 
the discussion of what constitutes true 
fitness. Our standards of human worth 
must indeed vary according to the char- 
acter of the civilization we propose to 
build. Rude, barbaric civilizations will 
require a different type from cultured 
and highly refined civilizations. <A 
movement that has made rather remark- 
able progress in recent years, and that 
may have important implications in this 
connection, was not mentioned in any 
of these discussions, and the purpose of 
this note is to remedy this rather re- 
markable omission. 
In judging what type of men is best 
fitted for an advanced civilization, it is 


necessary to avoid certain common pit- 
falls. One of these is, in my opinion, 
the excessive value set upon speed and 
efficiency in modern education, as dis- 
tinguished from the less “practical” 
virtues, such as ability to cooperate 
with others and to form sound judg- 
ments on important life-issues. Recent 
tests suggest that there may be a 
rather low correlation between school- 
intelligence and ability to arrive at 
sound conclusions relative to such is- 
sues. And certain facts of history and 
current events would seem to confirm 
this conclusion. It is a tragic common- 
place that kings, princes, diplomats, sol- 
diers, and traders— whom we would 
probably class as eugenically superior 
men—have sometimes been responsible 
for maintaining incredibly stupid and 
vicious social policies, while common un- 
skilled laboring men have on occasion 


*“A New Eugenics Program,” May, 1936; “The ‘Market Test’ of Eugenic Fitness,” June, 
1936; “The Geneticist—is he Nazi or Bolshevik,” July, 1936, and “The Place of Environment 


in a Eugenics Program,” August, 1936. 
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shown marvellous wisdom in govern- 
ment. Excellent examples of the break- 
down of government by the “fit” are to 
be found in the present impasse in which 
European diplomacy finds itself. In con- 
trast we may cite the very real social 
progress made by the Consumers’ Co- 
operative movement and the experi- 
ments in government ownership in such 
countries as Sweden, Denmark, Finland, 
New Zealand, and Australia. 

It must be obvious to every intelli- 
gent and well-informed person that in a 
complex civilization the ability to think 
clearly on such basic issues as sociology 
and economics is far more important 
than personal prowess, speed, and effi- 
ciency. These virtues, though good in 
themselves, will, if not carefully guided, 
intensify the conflicts within society and 
thus lead to its destruction through 
war, exploitation, and social injustice. 
It is well to move rapidly, but it is in- 
finitely more important to move in the 
right direction. Nazi Germany is mov- 
ing,—but there is a very great question 
whether the sum total of her movement 
is in the direction of social progress. 

Emphasis upon speed and efficiency 
in the individual is the natural correlate 
of a competitive economy. In a co- 
operative economy emphasis would nat- 
urally tend to fall upon ability to co- 
operate with others. Just now civili- 
zation is suffering from an excess of 
speed and efficiency with no adequate 
power to direct the forces thus set in 
motion. 

It is even possible that virile, full- 
blooded and aggressive—or at any rate 
domineering —types of men, with a 
strong development of the animal na- 
ture, would not be the best possible type 
for a social utopia. The ancient Ro- 
mans were peerless warriors, but proved 
themselves much less adaptable in the 
important matter of wisely using ei- 
sure time. The inhabitants of a planned 
civilization would necessarily be of a 
finer grain physically and mentally if 
such a civilization is to be maintained. 
This type would be better fitted for the 
intellectual and cultural activities which 
would abound in such a civilization; 
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men of coarser grain would tend to 
gravitate into sensuality the moment 
they were freed from struggle and 
hardship. 

But however this may be, it is cer- 
tain that superiority can be made so- 
cially effective only through education. 
It will be agreed that the spirit of con- 
servatism has been a mixed blessing to 
mankind. Without conservatism a sta- 
ble social economy is hardly possible, 
but entering as it does into every realm 
of life, and especially into the mores, it 
tends to retard progress just where it 
is most needed, while progress in the 
control of physical nature, and the de- 
velopment of implements of destruction, 
goes on with accelerating speed. The 
result is catastrophe. For these reasons 
an important function of education 
should be to combat a spirit of over- 
conservatism with regard to social 
progress. Yet we find exactly the re- 
verse in most nations of the world. Ed- 
ucation in the average European school, 
for example, has been education in nar- 
row nationalism. It is significant that 
the Fascist nations of Central Europe 
have been characterized in the past by 
an especially authoritarian type of edu- 
cation. Through the medium of schools 
and the printed page, the stupidities and 
the banalities of the older generation 
are imprinted upon the minds of the 
younger generation. And though the 
logical way to educate a nation is to 
educate the younger generation, this is 
made impossible by the fact that the 
educational policy of the schools is con- 
trolled by the older generation. Hence 
the only way to reach the children is 
first to reach their parents. But this 
may be extremely difficult, if the radio, 
the press, and the moving pictures, are 
controlled by selfish, predatory inter- 
ests. Thus a vicious cycle is set up. 
And in a highly mechanized, industrial 
civilization, this makes for results that 
are not always pleasant to contemplate. 

As an effective method of breaking 
the vicious cycle of wrong institutions 
and of a wrong educational system, the 
Consumers’ Cooperative Movement ap- 
pears to be far superior to any other 
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social adaptation yet evolved. Its mar- 
vellous effectiveness is due to the fact 
that it operates upon the principle of 
the entering wedge. Most social move- 
ments depend for their success upon 
some kind of political victory, and if 
victory is not attained, the efforts put 
into the movement are largely wasted 
and the people who sponsored it are 
still more impoverished. But the Con- 
sumers’ Cooperative Movement grows 
from small beginnings and consolidates 
its gains as it goes. As it appeals to 
the peoples’ immediate, as well as to 
their remote interests, it exerts a never- 
ceasing fascination over their minds; it 
is the one movement that so far does 
not seem to grow conservative with age. 
And, moreover, it trains its leaders as 
it goes, thus escaping the pitfalls of in- 
experience and inefficiency which beset 
the political revolutionist. No one can 
accuse it of being utopian or visionary, 
for it is a going concern of such pro- 
portions that it can hardly be ignored; 
it now controls twelve per cent of the 
retail trade of Great Britain and forty 
per cent of that of Sweden. The In- 
ternational Cooperative Alliance has 
over a hundred million members. 

It is to be greatly desired that the ef- 
fect of this movement upon the birth- 
rate be made a subject of special in- 
quiry. Such effects ought to be very 
pronounced in countries where the 
movement is strong. We feel that such 
an inquiry would be an excellent under- 
taking for the American Eugenics So- 
ciety, now that the consumers’ coopera- 
tives are beginning to spread so rapidly 
in this country. The recent marked 
change in birth trends in Sweden, 
which appear to have wiped out the 
adverse birth - differential heretofore 
found in all European countries, may 
be directly related to the growing in- 
fluences of consumers’ cooperatives in 
that country. 

So far from looking upon social and 
economic reform as opposed to eugen- 
ics, I consider it absolutely essential 
for the success of the latter. It is true 
that such reform would have a dysgenic 
effect if it were allowed to end in itself. 
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But is is inconceivable that this should 
take place. In a planned social order, 
not only will the inherent qualities of 
men be easier to determine, but eugenic 
legislation will be far easier to secure 
than in an order based upon cut-throat 
competition, and the facilities for eu- 
genic education will be far more abun- 
dant than today. 

It seems to me that the Cooperative 
Movement offers special opportunity 
for experimentation in the field of de- 
veloping cooperative colonies along eu- 
genic lines. If colleges for married 
couples could be devised, along the lines 
of the Danish Folk Schools, the dys- 
genic influence of present-day colleges 
could perhaps be overcome in a very 
great degree. Cooperative nurseries, 
playgrounds, libraries, and educational 
centers are a common feature of the 
big cooperatives of Europe. Such in- 
stitutions, if built along eugenic lines, 
would help to promote both the Co- 
operative Movement and the cause of 
race-betterment. But perhaps the great- 
est contribution of the Movement to 
eugenics will continue to be its levelling 
down of social and caste distinctions. 
By altering the economic and social 
outlook of the upper classes and raising 
the living standards of the lower classes, 
it will help to abolish the differential 
birth-rate. And by bringing economic 
processes under democratic control, it 
will greatly facilitate eugenic thinking 
regarding social problems. 

The apparent increasing conviction 
on the part of eugenists that they can- 
not ignore social and economic prob- 
lems is in my opinion a very encourag- 
ing development. No movement is se- 
cure in a civilization that is periodically 
or chronically teetering on the brink of 
disaster. The continued progress of the 
sciences is dependent upon adequate 
leisure and security for the investigator. 
Should another world war disrupt civ- 
ilization, the resulting social chaos 


would retard, and it might completely 
halt, the Eugenics Movement. 

i is for this reason that all who have 
the cause of race-betterment at heart 
should promote by every means at their 
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command sound movements for social 
and economic justice. And I am con- 
vinced that the Cooperatives offer by 
far the best solution yet devised. By 
bringing about a planned economy, they 
will furnish an invaluable breathing- 
spell for the social scientists, setting 
them free from the struggle for bread 


and the battle against the anti-social © 


forces of a competitive society, to de- 
vote themselves to the more subtle prob- 
lems of human betterment. It is highly 
probable that in a cooperative civiliza- 
tion the radio, the press, the moving- 
pictures, and other organs of publicity 
will be controlled by those types of men 
who are best fitted for the task of 
molding public opinion along socially 
desirable lines. The numerous period- 
icals now published by the Cooperatives 
are so controlled. There is every rea- 
son to believe that this will be true on 
a worldwide scale, if and when the Co- 
operative Movement becomes supreme. 
Hence the eugenist will find his best 
strategy in promoting that movement. 
Such collaboration is greatly needed to- 
day. Though the Cooperatives are 
growing, the danger is that they will 
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not grow rapidly enough to prevent the 
destruction of civilization through war 
and a resultant return to barbarism and 
chaos. Mr. James Warbasse, President 
of the Cooperative League of America, 
expressed the fear that such a destruc- 
tion would carry the Cooperative Move- 
ment with it. In his words, “That 
would indeed be a twilight of the gods.” 
But there is cause for hope in the fact 
that the movement appears to be holding 
its own even in Fascist nations, though 
there is considerable difference of opin- 
ion on this point among cooperators. Re- 
ports from Germany, especially, are con- 
flicting. But Warbasse finds the move- 
ment holding its own in practically all 
of the Fascist nations. See especially 
his “Cooperative Democracy,” p. 414, 
1923, and his recent tract, “The Sure 
Way is the Swift Way.” The People’s 
Year Book gives official statistics on the 
movement in every part of the world. 
The extreme hardiness of Consumers’ 
Cooperatives is one of the characteristics 
which distinguishes this from other pro- 
gressive movements. 
THEODORE DUFUR 

Elsinore, Calif. 
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SEVENTH GENETICS CONGRESS POSTPONED 


WIRELESS dispatch to the New 
York Times on December 13th 
stated that the Seventh International 
Genetics Congress, scheduled to be held 
next August in Moscow has been can- 
celled by the Soviet Government. Ap- 
parently a group of geneticists under the 
leadership of C. D. Lyssenko have 
brought forth a somewhat “made to or- 
der” environmental genetics, better suit- 
ed to Marxist idealogy than the views of 
“classical geneticists.” It is stated that 
these new theories have been used to 
discredit such workers as Vavilov and 
Levit, who are accused of introducing 
ideas not pure Marxist. If the Times 
dispatch is accurate, this “genetic purge” 
has reached a point where Vavilov and 
Agol have been arrested for alleged Nazi 
leanings and Trotskiest activities. 
A request for official confirmation of 


the cancellation of the Congress brought 
a denial of the accuracy of the Times 
report from Ambassador Alexander Tro- 
yanovsky, who states that Dr. Valilov 
has not been arrested and that the Con- 
gress has been postponed at the request 
of several scientists desiring greater time 
for preparations. An inquiry as to 
whether the Congress would be held a 
year later has not been answered at time 
of going to press. 

A later Associated Press dispatch tells 
of a further genetic controversy on the 
occasion of the All-Union Congress of 
Psychiatry. Here Dr. Levit, who has 
recently been expelled from the Com- 
munist party, was exposed to violet at- 
tacks on account of non-Marxian racial 
views. It is hoped that a more connect- 
ed account of Congress prospects can be 
given in the next issue of the JouRNAL. 
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A BUD MUTATION IN RATE OF MATURITY 
Figure 7 
Typical normal Libbee peaches (8) and early fruits picked from a limb variation in the 
same tree at the same date (A). 
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BUD MUTATIONS IN HORTICULTURAL 
CROPS 


A. D. SHamet and C. S. Pomeroy 
Bureau of Plant Industry, U. S. Department of Agriculture, Riverside, California 


ESCRIPTIONS of many strik- 

ing bud mutations in deciduous 

and in citrus fruits have been 
presented by the authors in the Jour- 
NAL OF HeERepITyY and in other publica- 
tions during the past few years.* 

This paper presents a summary of the 
information which the authors have been 
able to compile regarding bud mutations 
in fruit and potato varieties. A par- 
tial bibliography of publications on this 
subject is appended for the use of stu- 
dents and other interested persons. 

In many of the instances recorded in 
this paper the mutations have been per- 
sonally observed and studied by the 
writers, while in the other cases relia- 
ble reports by competent observers have 
been accepted. It is not practicable to 
present as complete descriptions as 
might be desired, but readers interested 
in obtaining more complete information 
concerning particular cases may do so 
through correspondence. 

There is no longer much question as 
to the commercial importance of bud 
mutations in many of the horticultural 
crops that are propagated vegetatively. 
This statement applies not only to those 
variations which are superior to the 
parent forms in one or more character- 
istics, but also to those which for any 
reason are less desirable for commercial 
use than the parent forms. The search 
for and study of bud mutations has 
been rather intensive during the past 
20 or 25 years, and many new forms 
have been discovered. Some of these 
are now of considerable commercial im- 
portance and most of them are of scien- 
tific interest. The purpose of this article 
is to call attention to the progress that 
has been made in accumulating data re- 


garding the occurrence of these muta- 
tions, particularly those found during 
recent years. 


Early References to Bud Mutations 


The earliest recorded fruit bud mu- 
tations that have come to the attention 
of the writers were reported by Peter 
Collinson® in a letter to Linnaeus April 
3, 1741. He told of a russet apple pro- 
duced on a green-fruited tree, and of 
peaches and nectarines produced on the 
same tree. In another letter written 
over twenty years later (September 17, 
1765) Collinson describes another peach 
mutation—a nectarine growing on the 
same twig with a peach. Six additional 
instances of nectarines produced on 
peach trees were reported to the Horti- 
cultural Society of London by R. A. 
Salisbury® on May 3, 1808. 

On April 4, 1815, Thomas Andrew 
Knight,” addressing the Horticultural 
Society of London, declared his belief 
“that many varieties of fruit which are 
supposed to be totally distinct have 
been propagated from branches of the 
same original tree; and that few, if any, 
varieties of fruit can, with strict pro- 
priety, be called permanent, when prop- 
agated by buds or grafts.” He then re- 
ported a Yellow Magnum Bonum plum 
in his garden which had a branch bear- 
ing red fruit exactly similar to the Red 
Magnum Bonums. A May Duke cherry 
tree in his garden produced on one 
branch late-ripening, oblong fruit of in- 
ferior quality. He also stated that he 
believed the Auche pear, a certain type 
of the St. Germain pear, and the large 
Swan’s Egg plum were bud mutations 
of similar character. 

The earliest reference to a fruit varia- 


*See literature references 31, 33, 36-41, and 54-62. Also see note under “Literature Cited” 
regarding a more complete bibliography of bud mutation. 
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tion in the United States which has 
been found is that of Cole,’ who in 
1849 reported on the Red Russet apple, 
which he said “seems to be a cross be- 
tween the Baldwin and the Roxbury 
Russet.” An article in his New Eng- 
land Farmer in 1850 suggested the 
sport origin of the variety, and another 
article by Sanborn in the same period- 
ical in December, 1852, gave a detailed 
description of its origin as a bud sport. 

Gaudichaud!® reported to the Paris 
Academy of Science in 1852 an apple 
tree which produced several sorts of 
fruits, and in 1859 Oberdieck*® de- 
scribed a Red Gravenstein mutant. A 
few years later other French and Ger- 
man writers referred to additional Red 
Gravenstein variations. 

In studying the rapid increases in the 
number of bud mutations in fruit va- 
rieties recorded in recent years it is 
found that the first summary of such 
forms, presented by Carriére in 1856,° 
listed 35 definite foliage and fruit va- 
riants, with banana, plum, and potato 
mentioned as having produced “several” 
variations. Fawcett!’ reports that the 
Gros Michel banana, which is the prin- 
cipal variety of commerce today, was of 
bud variation origin. Darwin in 1868,'* 
recording bud mutations that were 
mostly found in England, listed 46 leaf 
and fruit variations in horticultural 
fruits, 23 of which were instances of 
nectarines that developed on peach trees. 

Cramer’s list of bud mutations pub- 
lished in 19071! gives 56 instances in 
fruit crops and states that all the banana 
and pineapple varieties were of bud 
origin. 

Powell** in 1898, Beach? in 1905 and 
Dorsey’ in 1917 recorded a consider- 
able additional number of fruit mutants, 
but in spite of these and the earlier rec- 
ords of such forms the almost universal 
opinion of horticulturists up to about 
twenty-five years ago was that fruit va- 
rieties perpetuated by asexual propaga- 
tion were entirely stable and unchange- 
able and that new forms could arise 
only from seedlings. 

In 1909 the senior author began 
studies on bud variation in citrus 
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fruits.*°** These attracted immediate 
attention because of the large number 
ot variants that were found. The fre- 
quency of the occurrence of these forms 
led to a widespread belief that the 
citrus fruits must be especially subject 
to bud variation and different in this 
respect from the common deciduous 
fruits. 

However, the announcement in 1922 
of the high price paid for the red muta- 
tion of the Delicious apple,’ introduced as 
the Starking, gave a strong incentive to 
fruit growers and others to search for va- 
riations from which they might also se- 
curea rich reward. In the next few years 
many interesting and valuable fruit va- 
riations were reported, mostly in ap- 
ples, peaches, 
16,23,25.58.68 and pears,” with fewer num- 
bers of apricots, berries,’** dates,** 
figs,” pineapples,” plums 
651 and prunes. 

J. T. Bregger,® who has been particu- 
larly active in the collection of data 
relative to apple bud sports, recorded 
125 red bud mutations in apples in 
1930. A list of apple mutations pre- 
pared August 15, 1931, by Shamel and 
Pomeroy showed 143 red variants and 
30 variations in other characters. A 
similar list prepared November 1, 1932, 
by Shamel, Pomeroy and Bregger®* 
presented 221 red variants and 100 
other forms. In Table I, 254 red apple 
variants are recorded as of May 25, 
1936, with 137 additional apple varia- 
tions. 

The first plant patent was issued 
August 18, 1931. From that date to 
May 12, 1936, 177 plant patents were 
issued. Fifty-two of these covered new 
fruits and of this number 17, or 32.7 
per cent, were of bud origin. 

The number of bud mutations that 
have been recorded in apples, pears, 
peaches, plums, cherries and grapes 
is summarized in Table I, by the 
character of their fruit and foliage va- 
riations. Similarly, bud mutations in 
the Washington Navel and Valencia 
oranges, in lemons, grapefruit and other 
citrus varieties are presented in Table 
II. Bud mutations in many other fruits 
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that have received less study from this 
standpoint, and in potatoes, are given 
in Table ITI. 

These tables include 391 mutations in 
the apple, 93 in the pear, 146 in the 
peach, 26 in the plum, 120 in the cher- 
ry, 87 in the grape, 1,664 in citrus 
fruits, 124 in other fruits, and 110 in 
potatoes, a grand total of 2,761. 


Discussion of the Data 
In the apple varieties the red bud 
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mutations are the most conspicuous, by 
reason of their distinguishing charac- 
teristic—a distinct color which every- 
one excepting those who are color blind 
can easily see. For this reason, per- 
haps, the red sports have received more 
attention than others up to the present 
time. To show how frequently such bud 
sports have been discovered by growers 
during recent years it may be of some 
interest to note that there are records 
of red strains ot bud origin in 39 com- 


TABLE I. Summary of bud mutations in certain 
orded prior to May 25, 1936. 


tree fruits as rec 
Apple Pear Peach Plum Cherry Grape 


Variant forms 
Fruit Variations 
More color 254 
Less color 21 
Striped fruit _ 5 
Russeted fruit _ 26 : 
Larger fruit __ 
2 
6 
5 
20 
3 
3 
3 
2 


23 6 6 


Smaller fruit 
Flattened fruit. 
Oblong or long_ 
Other abnormal 
Early maturity. 
Late maturity 
Early bearing — 
Unproductive 
Seedless 
Nectarines 
Other abnormal 
8 
Foliage Variations 
Variegated __ 
Willow leaf 
Cut leaf 
Other abnormal 
foliage - 
Flower variants 
Other misc. 
variants 
ae 93 146 26 120 87 
863 


ww 
— 


TABLE II. Summary of the most important types 
of bud mutations observed in citrus fruits. Several 
of the numbers given are conservative estimates, as 
no detailed records have been kept of the many 

variants observed. 


es os 
52 5 &2 
Fruit variations 
Australian types... 150 
Unproductive 10 25 530 5 2 
1 41 
Corrugated . 200 500 100 10 17 
Pear-shaped 10 5 2 
Long at 20 50 
Flattened a 5 


TABLE II (Continued) 

§ 52 525 

Brown-Spotted .... 2 

Yellow 3 

Reddish- Orange 1 

Smooth 1 

Persistent-style 2 

10 50 

1 

Miscellaneous _..... 10 15 10 5 

Foliage variations 

Variegated _...... 20 40 5 5 

Misshapen-Leaf 

Rolled-Leaf 

551 786 202 32 93 


Grand total _ 


TABLE Ill. §& y of ded bud mutations 
in certain fruits and vegetables, most of which have 


as yet received but little study. 


~ Fruit Foliage 

Variant forms variations variations 
Almond 1 
Apricot 3 5 
Banana . 12 
Blackberry and dewberry 2 28 
Currant - 7 6 
Date 3 
7 2 
Gooseberry 6 1 
Jujube __ 1 
Olive : 
Persimmon 
Pineapple 25 + 
Raspberry 3 
Strawberry 1 1 
Walnut a 2 = 
Irish Potato 91 3 
Sweet Potato 15 

—.... 181 53 

Grand total 234 


1 
6 
4 45 
1,664 
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mercial apple varieties as follows: De- 
licious, 57; Winesap, 29; Rome Beauty, 
21; Northern Spy, 17; Oldenburg, 15; 
McIntosh, 11; Gravenstein, 13; Fa- 
meuse, 10; Stayman Winesap, 10; 
Stark, 7; Esopus Spitzenburg, 5; Jona- 
than, 5; Twenty Ounce, 5; Baldwin, 
4; Red Astrachan, 4; Tompkins King, 
4; York Imperial, 4; St. Lawrence, 3; 
Wealthy, 3; Willowtwig, 3; and one or 
two in each of the varieties Ben Davis, 
Bramley, Chenango, Cox Orange, 
Dougherty, Hyslop, James Grieve, 
Minkler, Rambo, Ribston, Shiwassee, 
Summer Queen, Summer Rambo, 
Transcendent, Wagener, Western Beau- 
ty, Westfield, Winter Banana, Wolf 
River. 

In addition to the red sports, many 
other apple sports have been found such 
as those that differ from the normal in 
size, shape, texture of peel, seediness, 
texture and flavor of flesh, and in 
quantity of production. These, by rea- 
son of the difficulty in measuring them 
and in distinguishing them from the 
normal forms, have not been so spec- 
tacular as the color-of-fruit sports. 
However, some of them seem to be as 
important commercially as the color 
sports, and evidence is increasing that 
they may eventually rival the color 
sports in public interest and in com- 
mercial importance. 

In pear, peach, plum and cherry va- 
rieties a number of strains that orig- 
inated as bud sports have become com- 
mercially important during recent years. 
Most of these differ from the parent va- 
riety in the time of maturity of the 
fruits, in color, size and shape of fruits, 
and in size or amount of seeds. Many 
others are in process of progeny testing 
both experimentally and commercially. 
This is also true to some extent of 


grape, youngberry and some other 
fruits. 
In roses,” dahlias,” chrysanthe- 


mums,“ ferns? and many other flowers 
and ornamental plants,****** the list of 
bud sport varieties now in quite gen- 
eral use is a long and important one, as 
is well known by all workers with these 
plants. The possibility that new forms 
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of many flowers and shrubs originate 
frequently as bud variations and remain 
constant under commercial propagation 
has been well known to growers for 
many years, but even with that knowl- 
edge, the possibility that variations of 
this kind were constantly occurring in 
fruit varieties was usually overlooked 
or actually denied until quite recent 
times. Carriére® recorded in 1865 a 
very incomplete list of 50 standard rose 
varieties known to have been of bud 
mutation origin. The 1919 Annual of 
the American Rose Society listed 429 
varieties of American roses of which 
116, or more than 27 per cent, were 
known to have originated as bud muta- 
tions.” Of 83 roses that were pat- 
ented before May 12, 1936, 33 orig- 
inated as bud mutations. 

A large proportion of the present cul- 
tivated varieties of chrysanthemums are 
of bud mutation origin. Cramer” pre- 
sented a list of 400 such varieties and 
it has been stated that of the 8,800 va- 
rieties cultivated in Europe in 1899 
more than 5,000. originated as bud 
variants. 

With the increasing use of X-rays on 
buds, it seems almost certain to the 
writers that the lists of varieties orig- 
inating from bud sports will be rapidly 
increased within the relatively near fu- 
ture.27® In general, it seems apparent 
that most of the combinations of char- 
acters brought about through cross- 
pollination are also likely to be found 
occurring in bud sports. With our 
growing knowledge of the use of X- 
rays and other methods of stimulating 
somatic variations, it is not without the 
range of possibility that bud sports may 
eventually become practically as impor- 
tant a factor in plant improvement as 
is cross-fertilization in the case of 
plants that are commonly reproduced 
sexually. 


Systematic Search for Bud Mutations 


Through the medium of daily news- 
papers and agricultural periodicals, the 
writers have repeatedly suggested to 
growers and other interested persons 
the importance of a systematic search 
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for bud mutations in their orchards and 
plantations. The abundant response to 
these requests indicates an active in- 
terest in this pleasant work on the part 
of plant growers. Some of these dis- 
coveries are now under commercial test 
with the promise of rather valuable ad- 
ditions to the varieties of those plants 
under consideration. 

It may be of interest to briefly out- 
line our suggestions which have proved 
to be most helpful in this search. While 
these experiences are elementary in na- 
ture they have proved to be of more 
than ordinary value in these pioneer 
studies as shown by personal contacts 
and through correspondence with many 
growers of deciduous, citrus and other 
crops and ornamental plants. 

The most frequent question asked by 
growers is, “When can one best look 
for bud mutations?” Our answer to 
this question has been to look for fruit 
sports when the fruits are about ma- 
ture. If early maturing mutations are 
sought, the trees should be gone over 
carefully from 2 to 3 weeks before the 
fruits are ready to be harvested. If late 
maturing bud mutations are desired, 
the differences in color of the mature 
fruits and those that ripen two or three 
weeks later are usually conspicuous. In 
several instances the writers have found 
late maturing limb sports by going over 
the orchard after the crop has been 
picked, the immature fruit on the late 
maturing limbs having been left by the 
pickers for a later harvest. 

The second most frequent question is 
“How can I look for bud mutations?” 
Having selected the most appropriate 
time for the search, the observer should 
examine each tree or plant in the light 
of a mental picture of the normal forms. 
Any marked departure from the normal 
will then likely catch the attention of 
the systematic observer. Differences in 
the color of fruit, flowers, or foliage are 
likely to first strike one’s attention. The 
shape of the fruits, flowers or foliage is 
also easily noticed after the typical 
shapes of the normal forms have clearly 
been fixed in mind. Texture of the 
peel of fruits is also rather conspicuous, 
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especially in the citrus and to a lesser 
extent in some of the deciduous fruits. 
The time of day during which the 
search can best be made is of some im- 
portance. The writers have found that 
during the morning hours the conditions 
are most favorable for detecting the un- 
usual owing to light conditions, the 
turgidity and freshness of the foliage, 
and also perhaps because one’s powers 
of observation are keenest during that 
period of the day. However, to those 
who live in or near their plantation, it 
pays to keep the trees or other plants 
under rather careful observation at all 
times. 

The third question that has reached 
us most frequently in this connection 
has been “Where can I best search for 
bud sports?” An answer to this ques- 
tion is difficult because they may ap- 
pear anywhere and in plants of all ages. 
As a rule, in fruits and other plants 
that the writers have studied, their ex- 
perience indicates that better results are 
likely to be obtained with healthy trees 
grown under favorable environmental 
and cultural conditions at or near full 
bearing age, or that are fully developed. 
It is essential that the search for mutu- 
tions should cover a considerable period 
of time so as to allow for rather fre- 
quent inspections. 

The most striking mutations perhaps 
are those where one or more limbs or 
branches of an otherwise normal plant 
produce fruits, foliage or flowers that 
are quite distinct from the normal in 
one or more characteristics—in other 
words, what are now commonly called 
“limb sports.” In addition, the entire 
plant may be a sport, the result of the 
unintentional propagation of a bud from 
a limb or twig sport. Outstanding ex- 
amples of both these occurrences include 
the original red-fruited limb sport in 
the otherwise normal Delicious apple 
tree which was the origin of the Star- 
king variety, and the entire-tree Deli- 
cious sport from which the Richared 
variety arose. Bud mutations of the 
peach and orange that were found 
as limbs in trees that were otherwise 
normal are shown in Figures 7 and 8. 
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EARLY GROWTH-RATE AFFECTED BY BUD MUTATION 


Figure 8 


Young Robertson Navel oranges (8B) and normal Washington Navel oranges 
showing comparative early rapid growth of the Robertson fruits. 
a limb sport in an otherwise normal Washington Naval orange tree. 


( A ) , 
This strain originated from 


The desirability of a systematic search 
for bud mutations is that through 
trained observation by plant growers 
and plant lovers, many new plant forms 
may be discovered and tested with the 
hope that some of them mav prove to 
be of commercial value. This search is 
open to all who may be interested. It 
is worth while if for no other reason 
than that of learning more about cer- 
tain plant characteristics. 


Progeny Tests 
After observing limb or entire tree or 
other plant variations it is necessary to 


ascertain whether or not they are in- 
herent (and capable of perpetuation 


through bud propagation) or whether 
they are mere fluctuations that develop 
as a result of local environmental in- 
fluences and are not transmitted by 
propagation. The usual method of de- 
termining these points is one that is 
now commonly called the “progeny 
test.” This term means the propagation 
through budding of one or more plants 
of the variations under consideration. 
With tree fruits there are at least two 
ways in which this test is accomplished 
—first, through topworking bearing 
trees with buds from the variations, and 
second by budding on seedling root- 
stocks. Under the first method some- 
what quicker fruiting results are to be 
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obtained than through the budding on 
seedlings. In general, the topworking 
method is oftentimes desirable and 
has the advantages of economy and 
operation and an early conclusion, 
but the budding of seedlings is the 
more satisfactory method, especially 
when quantitative as well as qualitative 
characteristics are being studied. While 
one or more topworked trees will indi- 
cate whether or not the shape, color, 
size and some other characteristics of the 
fruits, flowers or foliage of the variations 
are capable of transmission through bud- 
ding, the writers believe that at least 
five, preferably more, budded nurs- 
ery trees should be used for comparison 
with an equal number of such trees of 
the same age and conditions of growth 
that have been propagated from the 
normal forms in order to obtain de- 
pendable information as to quantity of 
fruit and certain other commercially 
valuable characteristics. Naturally, the 
method of carrying out satisfactory 
progeny tests will depend upon circum- 
stances and will have to be adapted to 
each case and be governed by local 
conditions. 


Commercial Use 


When the progeny tests indicate that 
the experimental strains may be of po- 
tential value, commercial tests covering 
a reasonably large acreage should be 
carried out so as to determine definitely 
the adaptability of the strains for com- 
mercial culture, from the producing, dis- 
tributing and marketing standpoints. 
Such tests, if adequate and conducted 
over a period of years, will be depend- 
able guides as to the relative merits of 
the strains under test as compared with 
the parent varieties. These progeny 
and commercial tests will tend to avoid 
disappointments that oftentimes follow 
hasty conclusions that are based upon 
insufficient evidence and immature 
judgment. While they require consid- 
erable time and some systematic effort, 
the writers believe that the results fully 
justify the time and expense required 
in making them. If such tests are not 


practicable in individual instances it is 
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usually possible to obtain the coopera- 
tion of state or other agricultural work- 
ers, especially if the indications are that 
the results are likely to be of some 
scientific interest or commercial impor- 
tance. Furthermore, it is desirable to 
obtain the suggestions and advice of 
such workers in any contemplated effort 
along these lines. The established 
sources of information on these subjects 
are the Agriculturai Experiment sta- 
tions that are usually located at the 
State Colleges, and the U. S. Depart- 
ment of Agriculture at Washington, 
a < 


Conclusion 


The growing scientific interest in the 
phenomenon of bud mutation is shown 
in some degrees by the increasing list of 
publications that present the results of 
researches along this line. During re- 
cent years the rapidly developing com- 
mercial interest in this subject is shown 
by the increasing number of strains of 
vegetatively propagated horticultural 
and agricultural crops that are now in 
commercial use in this country. The 
widespread activity in the search for 
promising bud mutations is reflected by 
the rather rapid increase in the numbers 
of those reported in recent years which 
have been summarized in the tables in 
this article. 

There has been some progress made 
in the study of the stimulation of the 
frequency of bud mutations in certain 
plants through irradiation of somatic 
tissues with X-rays. It seems probable 
that the exploration of this field for re- 
search has just begun and that the fu- 
ture. studies along this line will be of 
great value to some of our horticultural 
and agricultural industries. 

The increasing number of growers, 
professional horticulturists and scientific 
workers who are interesting themselves 
in this subject makes it certain that 
major advances in our knowledge re- 
garding bud mutation and bud selection 
still lie ahead. This will be reflected 
by great advances on the practical side 
because of the improved strains that 
will be developed commercially. 
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